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20. using a micro-processor-controlled diode matrix array. The matrix
detector senses an IR emitting diode which is located on the miniature
target. The flight equations of motion for the missile are solved by
a 16 bit microprocessor every 0.02 seconds in each axis using gunner
aiming error, target position, gravity, drag and side thruster accelera-
tions as inputs. A second coordinated 16 bit processor controls a dis-
play that plots both vertical and horizontal aiming error for analysis
of the gunner's performance by an instructor. Experienced DRAGON gunners
have tested the system and attested to the realism and training potential T_
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SUMMARY

The Simiulated Tank and Anti-Armor Gunnery Systems (STAGS) is an
electro-optic based, multiprocessor controlled, training device that
enables training of DRAGON gunners at a reasonable cost. In a short
period of time a gunner can be subjected to a variety of target scenarios

* and his performance can be analyzed in real-time by an instructor. When
the trainee fires the training device he hears the initial explosion of
the rocket motor. He experiences a weight loss due to the simulated

* rocket exiting the tube as well as a recoil force. Momentarily his view
in the sight is obscured by simulated smoke. The trainee must overcome
such launch transients and smoothly track the target and ignore the sim-
ulated missile which he can see in his sight. Thruster rocket firing
sounds are included as well as the final hit or ground impact explosions.
A visual indication of missile impact is also inserted into the gunners
sight.

During missile flight the instructor can monitor two displays. These

displays show:

(1) The gunner's sight picture, the DRAGON missile's location, and

(2) a plot of gunner aiming error versus time and the gunner error
tracking limit envelopes. Thruster firings are annotated on
the display.

This system uses a 16 bit microprocessor to solve the flight equations
every 0.02 seconds in each axis using the gunner' s aiming error, target
position, gravity, drag and thruster rocket acceleration as inputs. The
solution also incorporates the dynamic performance of the tracker.

A prototype model was constructed by the Advanced Simulations Concepts
Laboratory, Naval Training Equipment Center, Orlando, Florida for the U.S.
Army Project Manager for Training Devices (PM TRADE) and the U.S. Marine
Corps.

This model has been successfully evaluated by experienced DRAGON
gunner teams from both the U.S. Army and U.S. Marine Corps.

Demonstrations and evaluations are planned during FY 82 using this
device. Expansion of the device to include TOW is also planned.

The PM TRADE Project Manager is A. Boudreaux. The authors wish to
thank him for the helpful assistance he gave during this program.
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SECTION I

INTRODUCTION

Training in the firing of modern anti-armor weapons is expensive. Each live
round costs thousands of dollars.

This report describes a system that uses advanced electro-optics and micro-
processor technology to enable training of DRAGON gunners at a reasonable
cost.

The DRAGON is a commrand-to-line-of-sight guided missile system. Fired from
a recoilless launcher, the missile is tracked optically and guided automat-
ically to the target by electrical impulses transmitted via a wire link.
Firing the DRAGON missile is accomplished by depressing the safety and squeez-
ing the trigger. No other action is required of the gunner except to keep the
sight cross hairs on the target. However, to score a hit the trainee must
overcome many perturbations that can spoil his track.

When the trainee fires the training device he hears the initial explosion of
the rocket motor. He experiences a simulated weight loss due to the rocket
exiting the tube as well as a recoil force. Momentarily he is blinded in
the sight by simulated smoke. The trainee must overcome such launch transients.
He must smoothly track the target and ignore the simulated missile which he
can see in his sight. Thruster rocket firing sounds are included as well as
the final hit or ground impact explosions. A visual indication of hit is also
inserted into the gunne -s sight.

During missile flight the instructor can monitor two displays. These displays
show:

(1) The gunner's sight picture and the DRAGON's location.

(2) Plots of gunner aiming error in azimuth and elevation versus time and
the gunner error tracking limit envelopes. Thruster firings are annotated on
the display and the number of thruster firings, actual versus ideal are recorded.

(3) The instructor can recall four additional plots after the mission is
over: gunner aiming error and missile location in azimuth versus time; gunner
aiming error and missile location in elevation versus time.

This system uses a 16 bit microprocessor to solve the flight equations every
0.02 seconds in each axis using the gunner's aiming error, target position,
gravity, drag and thruster rocket acceleration as inputs. The solution also
incorporates the dynamic performance of the DRAGON tracker.

Key features of the system are summarized below.

Target hit or miss determined by solving DRAGON flight equations
in real time

Smoke obscuration

dog!



*RecoilI

*Weight Loss

*Missile superimposed on gunner's view of scenario

*Sounds - thruster firing, launch, hit and miss explosions, gyro wind-up

*Gunner aiming errors versus time displayed in real time

*Missile position versus time which can be recalled along with gunner
aiming errors in azimuth and elevation for analysis

*Expensive tank target and special range is not required for training

*Number of thruster rocket firing's ideal versus actual displayed

*Portable

*Record and play back capability

*Can operate with and without an instructor

*Can be used to simulate night firings with a thermal sight

*Gunner's pull down force on DRAGON launcher, and eye piece pressure
is indicated

*Variety of target speeds and motions simulated

*Trainer flies like real missile because of computation of flight
parameters

Photographs of the system are shown in Figure 1-1 through 1-4 and illustrate
the student station, instructors console, and the terrain board.
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SECTION II

SYSTEM DESCRIPTION

The system block diagram i! shown in Figure I1-I.

Targets in this system are 11120 minature models. Model targets were
chosern because they have better resolution than either computer generated
imagery or a movie display. DRAGON utilizes a 6X sighting scope. In other
weapons even higher power sighting scopes are utilized, thus demanding a high
resolution visual scenario.

Models are moved on a terrain board using a stepper motor under the con-
t-ol of a single chip microprocessor. The engagement scenario is stored in
tie Personnel Interface Processor (PIP) and is selected on the instructor's
console by an input terminal. The stored scenario program contains the tank
target's velocities, directions and range. Scenario data are provided to the
DRAGON Flight Simulator Processor (DFS). At the center of mass of the scaled
target is an Infrared Emitting Diode (IRED). Located in the DRAGON launch tube
is d photo diode array camera to sense the IRED. The IRED is invisible to the
human eye. This 100 x 100 matrix camera is boresighted to the gunner's sight
telescope and used to determine the gunner's aiming error (GAE) which is input
to the DRAGON Flight Simulator processor. This processor solves the DRAGON
flight equations and provides DRAGON status to the Personnel Interface Processor
(PIP). The PIP controls the graphics units which inserts the missile, smoke,
explosion, etc., into the gunner's sight. This processor also controls the
Gunner Aiming Error (GAE) display on the Instructor's Console. This display
plots GAE versus time, in real time. The DRAGON Flight Simulator Processor
produces launch and target explosions, thruster rocket firings and gyro noises.
The thruster rocket firings are delayed to allow for the speed of sound versus
the visual phenomena of the rocket firing which is optically inserted in the
DRAGON qunner's sight. Rocket thruster noises are attenuated as a function of
distance.

A closed circuit TV (CCTV) is located on the DRAGON tube and boresighted
to the gunner's 6X sight. The Gunner's Sight Picture Display is located on the
instructor's console. The DRAGON rocket as seen by the trainee is also mixed
into the gunner's sight picture visual display.

An indicator on the instructor's console indicates the ammount of pulldown
pressure on the launcher tube. Automatic computer controlled boresight is also
incorporated.

Data print-outs for both a hit and miss training session are shown in
Figures 11-2 and 11-3. Note that the rocket thruster firings are annotated on
the left hand margin with dashes indicating the firing of a thruster rocket
pair. Time between thruster firings are a function of the rate of change of
gunner aiming error.

7
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SECTION III

SYSTEM DESIGN

A. Electro-Optics 
Subsystem

In order to solve the DRAGON flight equations several input parameters are
required. These parameters are:

(a) trigger pull

(b) target position and range

(c) gunner aiming error

The STAGS measures the qunner aiming error with respect to a selected aim point
on the miniature tank Larget, using the electro-optics subsystem.

Gunner aimi;q errors are determined by sensing the IRED on the target using
100 x 100 m& ix soid-state camera. The IRED is invisible to the human eye.

Solid-stat: ,iging cameras are functionally similar to videcon type TV
cameras, bit with Lhe added advantages of greater geometric accuracy, extended
spectral range, higher sensitivity and scan rates, digital output, small size,
low voltage ird power requirements and the ruggedness and reliability of solid-
state design

The sensor is a solid-state photodiode array matrix having 10,000 pixels
(100 x 100). The choice of lens determines the field viewed by the matrix
camera. Using a 125 mm focal length lens and a target model distance of 22
feet, we have a field of view (FOV), of 1.05 feet or 48 milliradians. This FOV
will accommodate the maximum excursions allowed for DRAGON, i.e., 32 mr hori-
zontal and 22 mr vertical.

For a 1.05 ft FOV one pixel represents 0.126 inches on the terrain board.

Since the array is square the lengths in the X and Y axes are identical.
The magnification, M, of the camera is the ratio of the FOV to the length of
the array:

M = FOV
Array Length

where the array length is = 0.24 in. (0.60 cm total width/height) in both
X and Y.

M = 1.05 x 12 = 52.5
0.24

The static resolution is the array element spacing imaged into the object
plane.

Resolution = Magnification x element spacing

15



Resolution = 52.5 x .0024 in. = 0.126 inches

This is equivalent to + 7.5 in. resolution on a real world tank at the scaled
ranqe of 2,640 feet.

If a longer focal length lens is used the FOV is decreased and the resolution
is improved.

Accuracy also depends on: image sharpness, contrast, vibration or movement
of the object, light level and threshold setting of the camera.

The camera used is blemish free.

An IRED is located on the scaled model target and the center of the IRED's
energy is calculated to determine hit location.

Because the IRED produces uniform illumination, the threshold setting on
the camera can be adjusted to a fixed level, thus eliminating background inter-
ference.

The data from the photodiode array is electronically scanned to produce a
sampled-and-held video output signal. The amplitude of each pixel is propor-
tional to the incident light intensity integrated over the interval of one
frame period. The camera essentially detects light to dark transitions of
the digital area. The scene present on the camera is a light circle on a dark
background. Transition data from the camera, stored as a digital line-by-line
picture of the array, is handled by an interface unit. The DRAGON Flight Sim-
ulator Processor determines the GAE, from the transition data.

The electro-optic subsystem consists of the following equipments. (See

Figure Ill-1)

Reticon MC 520 Camera

Reticon RS 520 Controller

Reticon RSB-6020 Interface Board

Nikon Zoom Lens (set at 125mm)

The RSB-6020 directly couples Reticon imaging cameras to Intel SBC/Multibus
systems.

16

.I



MINIATURE TARGET
RETICON MICRO-

NIKON RETICON INTERFACE PROCESSOR
LENS CAMERA BOARD COMPUTER

MC 520 RSB-6020 (DFS)

R ETICON
CONTROLLER

FIGURE Ill-I ELECTRO-OPTIC SUBSYSTEM BLOCK DIAGRAM

B. Multiprocessor Subsystem

The multiprocessor subsystem includes six units with five being housed
in the system chassis. The principal function of each of the separate units
is:

(a) Personnel Interface Processing (PIP)

(b) DRAGON Flight Simulation (DFS)

(c) Sound Generation (SG)

(d) Target Control (TC)

(e) TV Display (TVD)

(f) Photodiode Array Processing (PAP)

System I/O is processed by the PIP, which is covered in the Computer Graphics
and Video Subsystem Section.

Target control is detailed in the section Miniature Target Board.

The present section provides a description of the DRAGON Flight Simulator
and the Photodiode Array Processor.

17



1. DRAGON Flight Simulator

The McDonnell Douglas Astronautics Company, Titusville Division, under
Contract N61339-80-M-3518 provided a set of simplified equations and a computer
program that approximate the DRAGON missile flight as directed by the gunner.
(See Appendix A)

Six-degree-of-freedom equations are required to express the complete missile
dynamics. Solutions of such equations were examined and simplied as much as
possible by McDonnell while still maintaining a statistically accurate repre-
sentation of weapon performance. Some of the simplifying assumptions were:

(1) Missile dynamics should be represented by a point mass solution,

(2) Small angle approximations to be used,

(3) The effect of tracker sampling on missile trajectory while in the
linear field of view may be neglected.

The six-degree-of-freedom equations thus modified were exercised and compared to
results obtained from the complete equations of motion. Modification to the
thrust level and guidance parameters were made to tailor the trajectory to the
more exact results. Sufficient comparative analysis was conducted to assure
that the simplified equations gave acceptable results over a range of crossing
and stationary target conditions and with a variety of gunner aiming errors.

Figure 111-2 is the DRAGON simulation block diagram. The variables corres-
pond with those of Figure 111-3 which defines the important horizontal angles.
These, and a similar set of vertical angles, were used in the McDonnel "BASIC"
program which iterates the differential equations of motion using a "Delta Time"
of 20 milliseconds. Thus a 10 second missile flight requires the generation of
500 solutions of the equations of motion.

The BASIC program was rewritten for an Intel Microprocessor Development
(MDS) System (see Appendix A). The resulting program, while able to reproduce
the McDonnell results, required several minutes to complete the 500 solutions
for a simulated 10 second missile flight. It was, therefore, unsuitable for
real time training.

An investigation of other floating-point-math techniques usable with Intel
SBC-86/12, 8086, computers showed that real-time solutions of the missile
flight could not be accomplished without using an 8087 coprocessor. The unavail-
ability of the 8087 at that time made it ncessary to abandon the convenience of
FP-math and recast the equations using integer arithmetic. This required close
attention to the choice of suitable units for the variables because of the limited
range of integer numbers: (-32,767, +32,767). Down-range distances, for example,
are expressed in 2-inch units; 1000 meters (39,370 inches) being considered to be
19,685 "Down-range" units. Cross-range units are 0.05 inches for distances
and 0.1 milliradians for angles. Unit selection for all variables is a compro-
mise between the conflicting requirements of the desire to display variables over
a wide range and the need to reduce quantization distortion while not exceeding
the allowable integer ranqe. Many comparisons between the integer and BASIC

18
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program results have verified that good approximations to the DRAGON Flight
characteristics are provided using integer arithmetic. Comments by experienced
DRAGON gunners also support the validity of the approximations.

The DRAGON Flight Simulation Program includes five modules:

(1) Main-DRAGON-Module: A "Driver" module which calls other modules.

(2) DRAGON-Utility: Includes a number of start-up and other general pro-
cedures.

(3) DRAGON Flight Module: Includes the integer math missile dynamics,
provides missile location information to the PIP, stores location data for
possible reprise, and does the initialization of flight variables.

(4) DRAGON IR: Analyses the IR-spot data array provided by the following
module.

(5) DRAGON XF: Transfers line-by-line data provided by the photo-detector
line array processor into a complete picture array.

The first three modules are written in PLM 86; an Intel high level pro-
gramming language. The last two are in 8086 assembly language. Total program
code require slightly over 4K of ROM memory. Variable memory requires about
1K of RAM. The above programs are in Appendix B.

As noted previously, the program is located on an Intel SBC 86/12 board.
This board, along with four others are housed in an Intel SBC 86/12 system chassis
which provides eight card slots, power supply and ventilation. Cards within the
chassis can communicate via the multibus motherboard. An SBC 86/12 provides
dual-port RAM which can be accessed by both the on-and-off board processors.
Missile position data resulting from the solution of the missile equations of
motion are transferred to the PIP via the multibus for further processing and
output. Data status bits are also read and written across the multibus as
required.

Target motion is provided by the TC unit as described in the section on
Miniature Modelboard. It is programmed via a stepper r&or con-'rller into
which the desired target maneuver is input from a si .e menu :.cited in
program memory of the PIP. Target information neeot- by the DFS is trans-
ferred from the TC via the multibus.

The DFS also provides control signals to the sound generator for side-

thruster pops, launch and impact explosions. It also provides signals for
weight loss in response to trigger pull.

2. Photodiode Array Processor

Line scan data from the 100 x 100 photodiode array are initially stored
in a set of ping-pong memories on a Reticon RSB 6020 board housed within the
system chassis and attached to the multibus. Data are alternately read into
ping or pong memory under control of a clock located within the Reticon RS 520.
Data within the memory units give the location of light level transitions and
indicates light-dark or dark-light transitions. The stored data also indicates
when the last scan line is read.

21
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After initialization, a last-line flag is output across the multibus to
the DFS whicn causes the DRAGON XF program to begin the transfer of data from
each line of the next 100 x 100 photodiode array frame to the SBC 86/12. The
data read-out is then halted by the next occurrence of the last-line flag. The
next 100 x 100 frame data are ignored during the analysis of the transferred
frame data. New frame data analysis results are provided every other frame.

The frame rate of the Reticon camera is 100 frames per second so new IR-
spot position data are provided 50 times a second or with a 20 millisecond
period. Occurrence of the last-line flag acts as the master system clock with
all data processing starting with its assertion.

Figure 111-4 illustrates the various devices controlled by the multi-
processor subsystem.

An automatic zeroing method has been incorporated to ease day to day bore-
sighting of the gunner sight to the miniature targets. Zeroing is accomplished
by supporting the DRAGON launcher on its resting stand and aiming the scope
crosshairs at the desired aim point (Recoil and weight loss off). A Control B
(CTRL B) is input from the console and the DRAGON trigger is squeezed. The
computer will "read" the first frame of data from the Reticon 100 x 100 matrix
camera and use this aim poi-nt for its reference boresight.

Subsequent firing will use the new boresight until the zeroing procedure
is repeated or the computer is turned off.

C. Computer Graphics and Video Systems

The DRAGON computer graphic visual presentation is prepared by the Personnel
Interface Processor. In addition to this processor a computer graphics board, a
phase-locked-loop sync board, and an EIA composite sync generator are used. Figure
111-5 shows the complete graphics and the video subsystem.

Computer generated graphics orovide two major functions:

(1) Real-time video graphics are generated for the gunner sight. These
graphics include a simulated missile which include thruster firings, smoke
obscuration during initial launch and a final explosion.

(2) Real-time graphics are generated for the instructor which indicate both
vertical and horizontal gunner aiming errors. Also, for follow up analysis,
graphics may be presented for gunner aiming error versus time and missile position
versus time.

Gunner's sight real-time computer graphics are generated on a Matrox
256 x 256 x 4 graphics board. Sixteen levels of gray scale provide for a full
range of visual intensity which allows for smoke generation which varies from
fully transparent to completely opaque in sixteen levels. The Matrox RGB-256
is a graphics imaging system in which a complete gray scale capability has been
inteqrated onto a single printed circuit board. The card includes built-in
NTSC (American) and PAL (European) gray scale encoder which can provide up to
16 shades of gray. The encoders permit the RGB-256 to directly drive standard

22

. . .



t x

0 4 L
cc C4

>00

-0-
LaI

a L'A

(noA

uj C0

-J L) 0 D

(n C.)

cc 0
4U 0o L L

zL )0

CC4 -5 c

/ acr~~~ I'0u

0023 CLZ



low cost black and white TV monitors on a single 75 ohm cable. It features the
industry standard Intel Multibus which makes it directly plug compatible with
all Intel single board computers.

Real-time video graphics are generated by the Personnel Interface Processor
(PIP). The PIP receives gunner aiming error information from the DRAGON Flight
Simulator (DFS) as well as missile angle from the line of sight of the gunner
to the missile position (angle E-I from Figure 111-3). The gunner aiming error
is used to position the final explosion (hit or miss) in the DRAGON sight. The
angle El is used to position the missile in the DRAGON sight.

Gunner G raphitc s.

DRAGON sight graphic missile simulation is accomplished by first deriving
the missile position from the Angle El. Second, the size of the missile is
determined by the elapsed time since the missile launch. Third, the brilliance
of the missile is determined by the elapsed time since launch and if a thruster
is being fired.

The size of the missile shrinks from 10 pixels down to 1 pixel from launch
to maximum range. The brilliance decays from a level of ten (with fifteen
being most brilliant) to a level of zero at minimum range.

An octagon was selected as the simulated missile shape as this can be
quickly calculated for real-time graphics. This shape appears mostly as a
circular area to the DRAGON gunner.

Smoke is simulated in the DRAGON sight by modulating the background level,
i.e., overall gray scale setting of the entire graphic video insertion in the
gunner sight. It is possible to tell the RGB-256 graphics board to "erase" to
any given gray scale level between zero and fifteen, with zero being black
(transparent) in the qunner sight and fifteen being white (opaque). The levels
of background are modulated with time to effect a smoke simulation. A typical
smoke simulation might consist of starting from level zero rising to level fifteen,
dropping to level eight, back up to fifteen, down to four, up to eight and down
to zero during a period of one to two seconds.

The final explosion of tne missile and/or tank is simulated at the end of
the DRAGON flight and inserted, via the RGB-256 graphics board, into the gunner
sight. The explosion is a series of geometric star shapes indicating either a
hit or miss. The PIP uses the missile-to-aim-point information to position the
explosion wherever the missile was as it impacted the target or ground. A ground
explosion is similar to a target explosion; however, it differs by only exploding
in an upward sense. Thus the DRAGON gunner has visual feedback through his sight
indicating hit and miss. The computer generated graphics are passed directly to
the gunner's sight through a Hitachi VMl5lA, one and a quarter inch, closed
circuit television (CCTV) monitor. The optical arrangement is shown in Figure
111-6. The television screen appears at infinity along with the viewed scene
through the 6x scope. The CCTV is mounted inside the DRAGON IR tracker housing
and electr-onics for the CCTV are located where the IR tracker electronics are
normally located at the bottom of the tracking head.
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Instructor ConsoleGraphics

The instructor console graphics subsystem is composed of two units, a
television representation of the gunner's sight picture and a graphical plot of
gunner aiming error versus time and/or gunner aiming error versus missile
position.

The television representation of the gunner's sight is accomplished by
mixing the gunner's sight TV camera, which is boresighted to the 6x gunner sight,
with the video graphics presented to the gunner's sight. The composite picture
presents to the instructor an image of the gunner's sight which includes the
target, rocket, smoke, crosshairs and final explosion.

The instructor's television representation of the DRAGON gunner's sight
picture and computer graphic missile, smoke, crosshairs and explosion simulation
is combined from three sources.

The model board target and terrain is looked at by a closed circuit t.le-
vision (CCTV) camera which is mounted outboard on the DRAGON launcher tube. This
camera is zeroed to the gunners 6x scope and has the same field of view as the
scope. The camera used is an RCA TC-2021/N with a NUVICON camera tube and a
135mm f3.5 still camera lens. This camera was chosen for its small size and
low weight.

Secondly, a video mixer combines the CCTV image with the Matrox RGB-256
computer graphics. The comoination of CCTV video and computer graphics is then
a representative visual image of the gunner sight picture except for the cross-
hairs.

Crosshairs are added, to complete the instructor sight picture display, by
passing the video presentation through an electronic crosshair generator. The
crosshairs are adjustable in position and width.

The graphical plot of the gunner aiming error (GAE) versus time for both
horizontal and vertical error are presented in real-time during the missile
flight. The graphs indicate the actual gunner aiming error during the flight as
well as the limits for a 95% probability of hit performance. The guidance rocket
thruster firings are shown when they are fired as well as a final actual count
of the thrusters fired versus the ideal number of thrusters that would have been
fired for a given target distance with perfect aim. At the end of a flight,
displayed results show the miss distance, in feet, where the missile passed the
target. If the missile struck the ground before passing the target, a message
is displayed stating "ground impact" as well as the remaining distance to the
target when grounded. If a hit is scored a hit message is displayed to mark
the event.

After a missile flight a reprise of the flight may be called. A horizontal
reprise replays the horizontal GAE and the horizontal missile position versus
time. Likewise the vertical reprise replays the vertical GAE and the vertical
missile position versus time. The reprises indicate all the hit/miss summaries
of the first real-time plot.
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Any of the computer graphic plots may be made into a haro-copy printout.
The hard-copy may include the gunner's name or other pertinent data as desired
bv the instructor.

The instructor's diagnostic graphs, keyboard controls and hard copy print-
outs are controlled by the PIP through an ADM-3 dumb terminal and Digital
Engineering Retrographics RG-512 graphic board and Digital Engineering GP-100
hard copy printer.

The operation of the Retro-Graphics equipped ADM-3A can be best understood
by considering the RG-512 card as the terminal controller and the ADM-3A as a
"peripheral" device. The RG-512 is situated in series between the ADM-3A and
the serial input to the terminal. This means that all incoming ASCII will be
received by the RG-512 and processed. Input to the terminal will only reach
the ADM-3A circuitry if it is transmitted there through the RG-512.

The RG-512 can perform several functions on the incoming data. The
function performed depends on the actual ASCII code received and the RG-512
operating mode. Data may be retransmitted to the ADM-3A as mentioned above if
the data were alphanumeric text. This is the usual function performed by the
RG-512 when in the ADM-3A Alpha Mode. Certain control codes, called mode trans-
ition codes, can set the RG-512 to one of the two graphics modes, the Vector
Mode or the Point Mode. An additional alphanumerics mode, the 4010 Alpha Mode,
is included and can also be entered by sending the terminal the appropriate
mode transition code.

After entering one of the graphics modes, subsequent input it interpreted
as x-y coordinate data and is used in the generation of a point or vector display.
The RG-512 does not retransmit an ASCII code to the ADM-3A if it is being used
as an x-y coordinate.

The RG-512 employes the "bit map" method of storing graphic images. This
means the information is stored in a digital memory as a rectangular array of
bits. Each bit in this memory is mapped onto the CRT screen and can cause a
bright point to be displayed. The RG-512 displays graphs and pictures by writing
the proper bits into the graphics memory. This architecture has several advantages
over the traditional storage tube approach which has dominated lower cost graphics
terminal designs. Since the CRT is not relied upon for storage of the image, less
expensive CRTs employing more conventional long life, brighter phosphors can be
used. Another important by-product is the ability to selectively erase portions
of the screen. This is desirable if the application requires the use of dynamic
displays employing motion or rotation to convey information.

All circuitry for the RG-512 is packaged on a single 12" x 12.31" printed
circuit card. This circuitry consists of four functional elements: Z-80A
microprocessor and control, 128,000 bit graphics RAM, raster synchronization
and CRT refresh, and power supply.

The Z-80A microprocessor and control section performs command decoding and is
responsible for the writing of information into the graphics RAM. The Z-80A
automatically generates vectors from transmitted endpoints and also performs
scaling and character generating functions.
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The GP-100 Graphics-Printer is designed to interface with the Retro-Graphics
upgraded Lear Siegler ADM-3A (or 3A+) computer terminal.

As an optional feature to Retro-Graphics, Graphx-Printer reproduces the
terminal's displayed graphics (or alphanumerics) on hardcopy. The electro-
sensitive device is ideal in those computer graphics applications where clear,
economical printing is needed.

The GP-lOO's printing system is electrosensitive. This advanced technology
allows the GP-100 to quietly print the displayed graphics within 16 seconds and
alphanumerics at 170 lines per minute.

With the electrosensitive printing system all graphics and alphanumerics are
drawn by a durable printhead that produces dark, clear images with no distortion.
In other words, the high resolution graphics screen image is reproduced, dot-for-
dot, on hardcopy.

Additionally, paper is the printer's only consumable. Typically an
8 1/2" x 11" hardcopy costs less than 3d. Also, the paper can be photocopied,
and it will not fade or yellow with time.
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The electrosensitive paper is made from a base of black coated ordinary
bond paper deposited with a thin aluminum layer; this gives the unprinted paper
a metallic appearance. During printing, an electric current flows through styli
that touch the aluminum. This action vaporizes the aluminum at the point of
contact and exposes the contrasting black under-layer to form the graphics or
character image.

The print head consists of 12 styli mounted one above the other as a unit.
This head is attached to a carriage which moves the styli from left to right
and maintains them in contact with the paper. The styli are pulsed electric-
ally while crossing the paper so that the required characters or graphics are
printed. During printing, each stylus burns a single dot in response to a
current pulse. At the end of the line, the carriage moves the head away from
the paper and returns to the left hand margin without touching the paper.

D. Computer Generated Sound System

Simulation of sounds produced during an actual DRAGON missile firing is
accomplished by interfacing an Intel 8748 microcomputer to a General Instrumerts
AY-3-8910 Programmable Sound Generator (PSG). Data necessary for the PSG to
reproduce sounds is acquired from the permanent memory of the microcomputer.
During missile flight time the DFS processor simply selects the sound to be
made and communicates its choice to the microcomputer. This approach allows
the processor to handle sound-making decisions with minimum time take from its
primary functions.

The choice of sounds available to the DFS processor are:

(1) Gyro wind-up

(2) Missile launch explosions

(3) Rocket thruster motor firing

(4) Target missed explosions

(5) Target hit explosions

The General Instruments Programmable Sound Generator (PSG) is a 40 pin, 8 bit
device with microprocessor compatibility. The device features three independent
analog channels each with access to its own tone generator. A 16 control register
array communicates to the microcomputer through an eight bit bi-directional port.
Four lines are alloted for bus control logic (read and write). Each tone gener-
ator looks to two registers within the array for a 12 bit tone period. A range
of frequencies covering the full eight octaves of the equal tempered chromatic
scale is available.

Pseudo-random noise may be mixed to any or all channels from a noise generator
with basic frequencies of 4 KHz to 125 KHz. Two modes of output control are
available for each channel. The fixed level amplitude mode selects an amplitude
specified in the array by the microcomputer. For use in this system the variable
amplitude mode is selected, forcing an envelope generator to control the shape
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and cycle of all outputs. Controlling the envelope generator is a 16 bit tone
period within the array allowing for frequency ranges of 12 Hz to 7WL.5 Hz and
a five bit shape/cycle control register. Three D/A converters suppl?& 0 to 1
volt signals to the output channels.

To accurately represent the flight of a DRAGON missile as it moves down-
r-ange two sound phenomena must be simulated:

(1) Time delay due to the differences in the speeds of light and sound and,

(2) The Logarithmic decay in the amplitude of sound with distance.

Software developed for the microcomputer closely approximates these conditions
within a 1000 meter range.

As shown in Figure 111-8, the outputs of the PSGs are input to circuits whose
function is to control the amplitude of the sound. These circuits consist of
operational amplifiers with closed loop gains under direct control of the micro-
computer. An Intel 8243 1/0 port expander is used to select feedback networks
of the operational amplifiers. Harris analog switches H1518 and H1304 under
the direction of the 8243 provide a variable feedback network for the rocket
thruster sounds. The hit and miss explosions pass through a separate operational
amplifier circuit utilizing the same H1518 for gain control. To further massage
the rocket thruster sounds a Pioneer Reverberation Amplifier is inserted between
the output of the operational amplifier and a Bozak Pre-amp and Mixer. Rocket
thruster sounds, hit and miss explosions, and the launch explosion all pass through
the mixer and a Bozak Amplifier. The launch explosion is generated from a Frazier
8-ohm speaker located at the trainees station. Rocket thruster firings are heard
from a speaker near the modelboard as well as hit/miss explosions. The gyro
wind-up noise emanates from a speaker located within the DRAGON tube.

The DRAGON Flight Simulator processor initiates a timer within the micro-
computer upon request of a launch explosion. Thereafter, each request for a
sound by the processor causes the microcomputer to inspect the timer. Assuming
the missile travels at an average speed of 280 feet per second the microcomputer
is able. to approximate the distance covered and determine the appropriate sound
amplitude. The microcomputer selects one of thirteen levels of amplitude, for
rocket thruster sounds, decreasing logarithmically from a gain of 10 to 1 over a
time span of 11 seconds corresponding to a distance of 1000 meters. When the
missile hits its target a series of three rapid explosions are generated, each
explosion louder than the previous. For a missed target two explosions occur.
Distance in terms of three ranges is the criteria used to determine the
amplitudes of these explosions. These ranges are: low range (less than 333
meters), mid range (334 to 630 meters), and a high range (greater than 630 meters).
The gyro wind-up noise and the launch explosion have fixed amplitudes.

Time delay associated with distance covered by the missile is accomplished
upon inspection of the timer for each requested sound after launch. Before
Jiqnals are passed to the PSG to create a sound, software completes a sequence
of three delays. The first delay represents the real-time between requests from
the processor. This timeout occurs only when two or more requests are made before
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the first request is serviced by passing signals to the PSG. The real-time
between any two requests represents distance traveled by the missile and is
decoded into the second time delay as determined by the time required for
sound waves to travel this distance. These incremental time delays are
accumulated in the microcomputers data memory. The third time delay before
a sound is made is the cumulative total of all the second time delays that
have already been decoded. The complete algorithm produces a series of
logarithmically decaying, time delayed, sound waves that approximate the
actual conditions within a 1000 meter range.

E. Miniature Target Board

Because most anti-armor devices use high power telescopes to view the
targets, a 1/120 scaled miniature model was chosen. The target model has an
IRED located at the center of the target mass. The model is moved using a
stepper motor. The stepper motor controller is a stand-alone intelligent
controller that is independent of the host computer, the Personnel Interface
Processor, except for loading the scenario. The stepper motor controller uses
a high level language for control of the stepper motor direction, position,
speed and acceleration. The tank is moved over a 40 inch track. It takes
5,240 half steps to run this track. Using this system the tanks location is
known to 0.0076 inches on the model board. Scaled to the real world one half
step moves the tank 0.9 inches.

The controller utilized is a Cybernetic Micro Systems, CY 512. The CV 512
controller is a standard five volt, 40 pin LSI device configured to control a
4-phase stepper motor. The CV 512 interfaces to the microcomputer using parallel
TTL input. It also has a software controllable pin which is used to initiate
movement of the tanks turret.

Hi-level commands to control the device are stored externally in the PIP
processor.

Under instructor control a scenario can be selected. The cormmands are then
transferred and stored internally in a program buffer in the CV 512. The CV 512
outputs sequence the stepper drive circuits that consist of standard Darlington
drivers. When absolute position commands are executed, the CY 512 automatically
determines whether it is necessary to move CW or CCW to reach the specified
target position.

* Tank position is measured by a 16-bit counter consisting of four 74191 TTL
chips. (See Figure 111-10) The counter is reset whenever a new scenario is
loaded into the CV 512. The counter then records half-steps of the stepper motor.

The CV 512 interface is shown in Figure 111-11.

The Darlington drivers are shown in Figure 111-12.
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A Superior Electric, Slo-Syn, Synchronous Stepping Motor with 200 steps
per revolution was utilized.

The tank turret can be moved by using a software controlled pin on the
CY-512. The CY-512 is fed into the circuit shown in Figure 111-13. On software
comm~and the turret moves 900 toward the trainee and the tank gun fires. It then
moves back to dead ahead after a short 2 or 3 second time delay.

F. Weight Loss and Recoil Mechanism

Launch effects of the DRAGON simulator are a very important facet of the
training mission. Two of the launch transients which must be overcome by the
DRAGON gunner are the weight loss due to the missile leaving the launch tube
and the recoil of the launcher due to slight uncompensated differences in the
pressures at launch. Weapon launch effects of weight loss and recoil are
simulated via mechanical attachments to the DRAGON bipod.

The recoil mechanism is a sliding platten upon which the DRAGON bipod
and gunner's feet are supported. The platten is covered with a rubber and
steel hybrid material that allows the gunner to firmly plant the bipod legs in
position and stabilize the launcher using his boots to press agains the bipod
supports. At launch the platten is given an impulse from a pneumatic solenoid
thus imparting a sensation of recoil to the launcher.

The weight loss simulation is accomplished by a weight mass that is
attached to the bipod via a pivot and pneumatic cylinder. When the DRAGON
simulator is armed for launch, the pneumatic cylinder is energized which in
turn raises the weight and places an additional equivalent weight of the
DRAGON missile on the shoulder of the DRAGON gunner through mechanical leverage.
When the simulated missile is launched, the pneumatic cylinder is relaxed, thus
releasing the weight and effectively removing the equivalent ROCKET weight from
the gunner's shoulder. The recoil and weight loss circuit for driving the
pneumatics is shown in Figure 111-14.

G. Pull Down Measurement and Reticle Insertion for Gunner Sight Pictu-e Display

Three LED indicator lights are present on the instructor's console to provide
the instructor a quantitative indication of how much force a trainee places on
the DRAGON tube and his shoulder. When the trainee produces a force on his
shoulder equivalent to or greater than a predetermined threshold, the yellow
LED comies on. If pull down force is increased beyond a second, higher threshold,
a green LED comes on. If neither threshold is reached, a red LED is on. The
threshold for the yellow and green LEDs are variable in a range of approximately
50 to 250 pounds force.

A circuit utilizing a strain gauge bridge was developed to generate a signal
which is strictly the result of a force at the trainee's shoulder. The strain
gauges used are manufactured by Win. T. Bean, Inc. They are general purpose foil

4 gauge,; constructed of Constantan with a polymide backing. Two of the strain gauges
are strategically located on the DRAGON tube so as to unbalance the bridge only
if the trainee has his shoulder properly positioned and is applying a downward
force on the sight. The bridge, when unbalanced, supplies a DC level to a two
stage DC amplifier. The amplified DC level is the input to two comparators. One
comparator activates the yellow light when its threshold is breached while the
other controls the green light. The circuit is shown in Figure 111-15.
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In order to provide more realism to the instructor's view of the gunner's
sight picture, an electronic reticle was inserted into the instructor's TV moni-
tor. A Cohu sync generator located inside the instructor's console provides drive
signals to synchronize all the video signals throughout the system. The vertical
and horizontal drive signals provide inputs to the reticle circuit. These signals
each pass through a low pass active filter with a cut-off frequency centered at
the repetition rate of the drive signal. In this way the square wave drive sig-
nals are filtered to provide sine wave outputs of frequency identical to the repe-
tition rate of the inputs. The outputs of the filters input to voltage comparators
which generate TTL square waves with falling edges adjustable about the midway
times between two drive pulses. These falling edges trigger one shots which gen-
erates pulses whose duration determines the width of the retical lines. A hori-
zontal reticle is produced by blanking out one or more lines of video. To insure
that an entire line is blanked out and not a portion of it, a flip-flop further
conditions the output of the horizontal line one shot. The clock for this flip-
flop is provided by the vertical drive pulse which occurs for each line of video.
An AND gate combines the output of the flip- flop (horizontal line) and the output
of the vertical line one shot. This in turn controls an analog switch. The switch
allows video to pass through to the TV, or when activated by the AND gate, sends a
negative (black) signal to the TV. The position of the horizontal line is adjusted
at the voltage comparator. The level of comparison, as it moves in relation to
the sine wave input, controls the position of the falling edge at the output.
The position of the vertical line is controlled by a phase shifter at the input

* of the voltage comparator. The reticle insertion circuit is shown in Figure 111-16.
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SECTION IV

CONCLUSIONS

This system has undergone preliminary evaluation by both Army and US
Marine Corps experienced DRAGON gunners. All gunners were favorably impressed
with its realism and teaching attributes.

The results of testing this device will be included in the final report.

Work is currently under way to include a TOW training capability as part
of the STAGS system.

Development has also begun to add a speech synthesizer chip. This chip
has a 274 word vocabulary and will be used to coach the student using verbal
output.

Work has also started to simulate a thermal sight capability. This work
will be covered in the final report.
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APPENDIX A

DRAGON FLIGHT SIMULATOR EQUATIONS

The following data was provided by McDonnel Douglas Corporation under Contract
N61339-80-M-3518 for use in simulating the DRAGON.

OBJECTIVE

Develop a set of simplified equations that will approximate the Dragon missile
in flight when acted upon by the guidance comm~ands as influenced by the gunner's
aiming errors.

STUDY APPROACH

The equations currently programmed in the Dragon six degree of freedom simulator
were examined and simplified as much as possible while still maintaining a

Astatistically accurate representation of weapon performance. Some of the simpli-
fying assumptions are:

(1) Missile dynamics based on a point mass solution

(2) Small angle approximation are used in the calculation of missile
dynamics

(3) Effect of tracker sampling on missile trajectory while in the
tracker linear field of view is negligible and is not simulated.

The six degree of freedom equations thus modified were exercised and compared
to results from the six degree of freedom simulator. Modification to the
thrust level and guidance parameters were made to tailor the trajectory to the
more exact six degree of freedom results. Sufficient comparative analysis was
conducted to assure that the simplified equations gave acceptable results over
a range of crossing and stationary target conditions and with a variety of
gunner aiming errors.

PROGRAM DESCRIPTION

At the beginning of each simulated flight, initial missile velocity and position
is established in each of 3 orthogonal axes. The reference axes are established
by the initial launch line. The target is placed on the launch line with a
constant crossing velocity and time is set to zero.

Equations of motion are then solved every 0.02 seconds in each axis using gravity,
drag and side thruster accelerations as inputs (see Figure A-1). At the end of
each time increment, the new missile position (X, Y, Z) along with gunner aiming
error (Gl and G2) and target position (E3) are seen as an angular input (El, E2)
into the tracker (See Figure A-2). The tracker calculates a side thruster firing
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angle based on the azimuth error (El) and a firing frequency based on the
elevation error (E2) and the commanded firing angle (WI).

When the tracker commands a firing, the resulting velocity change is resolved
into each axis. This in turn changes missile position in a direction to reduce
the sensed angular displacements between tracker and missile, thereby closing
the guidance loop.

The program listing in BASIC language along with a symbol reference list and
symbol descriptions are included.

DISCUSSION AND CONCLUSIONS

The equations presented herein will provide a good approximation of the flight
characteristics of Dragon when subjected to the gunner aiming errors used in
this analysis.

To interface this Dragon flight model with STAGS, several input parameters
from the STAGS are necessary. The input parameters are trigger pull; target
speed, direction and range; and gunner aiming error. Trigger pull will be
initiated by the gunner using the Dragon training mockup, electrically sensed
and transmitted to the Dragon flight simulator. This signal will be used to
begin the simulated missile launch and subsequent flight. The target speed,
direction, and range information are predetermined values for a given scenario.
Target information is used in the Dragon flight simulator to generate system
lag characteristics, i.e., the average distance at which the missile flies
behind the target center. The STAGS will measure gunner aiming error with
respect to a selected aim point on the tank target. This aiming error data
is needed in the Dragon simulator to generate guidance error commands.

The sequence of events in a simulated flight begins with actuation of the
tracker trigger. Figure A-3 is a time line or sequence of events for the
launch phase based on nominal conditions at 70'F. This is an abbreviated
time line which includes only those events which are relevant to the weapons
trainer. Between trigger pull and gas generator ignition batteries are build-
inq up voltage and safe and arm functions are taking place; however, gas gen-
erator ignition at 515 milliseconds after trigger pull is important as an indi-
cator of when to apply the simulation of sound pressure level. First motion of
the missile in the launch tube begins at 533 milliseconds and could be used
to initiate a simulation of weight shift ending at a tube exit time 20
milliseconds later. At tube exit, launch gas (fire and smoke) visible to the
gunner is released. From this point the missile is flying ballistically and
the missile flare is building up to its operating level. This flare is oper-
ating at 735 milliseconds allowing the tracker to recognize missile position
relative to its line of sight and guidance corrections are generated in the
tracker. At 1003 millisecond the warhead is armed providing an indication
of what type of simulation of ground impact should be considered. Prior to
this time a ground impact appears as a dud but beyond this time ground impact
would cause the warhead to detonate and simulating this situation would be
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quite different. The ballistic phase ends with the first rocket motor firing
which is commianded automatically at a fixed time of 475 milliseconds from
missile first motion. Subsequent to this first firing, the normal closed
loop guidance is active in both the horizontal and vertical channels. The
Dragon system was designed with a set of limits established for the aiming
errors and the trainer may want to incorporate these limits in its scheme
of scoring the gunners performance. Figure A-4 is a plot of these limits
in both channels for stationary and crossing targets. Another factor that may
be considered in modeling the Dragon flight is the influence of the trackers
field of view; i.e., missiles' flare image relative to the center of the
trackers' IR detector (coincident with gunners line of sight). As this flare
image approaches the field of view boundaries guidance performance is degraded
and when these boundaries are exceeded guidance is lost and the system goes
into a squelch mode. In this mode of operation the tracker commiands a con-
stant firing angle and firing rate based on the last guidance information.
A more accurate model of tracker performance which includes the field of
view effect may be added at a later time but does require significantly more
computing than this initial model.
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VERTICAL AIMING LIMITS (13 SIGMA)

-(up;

- +0.6 MILS

4 ±2MIlLSAT 1.5SEC.-

>(DOWNY

HORIZONTAL AIMING LIMITS (3 SIGMA)

.42 - - - -- 35 KHP CROSSING TARGET(

(LEFT)

W0-

oj 4

z

12 21
(RIGHT) 15 IMILS AT .8 SEC.

FIGURE A-4 GUNNER ERROR LIMITS
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APPENDIX B

MULTI-PROCESSOR MAIN PROGRAMS
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PL'HAP7 'uhf ILEP EKfi'3ltJ i'iJHTM%~iILE *'jkjr'PAE

LIS-li V2-~' I '.'.'MPiLATICIN OF MOCOLE £+.mGCI1NFLIGJHTMODUALE
*BTFCT MO01-ILE PLOCED IN Ft ('RAfiL Cof!
CuJNILE9 INVC*Fr- BY PLM856 F1 DRAWL Oil DEE:-(U4 F*MIXTAEF ('ATE 8-68

IfWO1'-N$FL [6HTSMOAJLE '.

.F-BOARU ABSOLUTE iAWRESSES

I 1-'rECLF riNOIIRE' . ZNfiLE:IRD) INTEGER AT "8A8'i81fl BIRDTS-DY'
FIRE-EiRD. BZRD-HZTS. BIRDAMISSES, HYEx.P. H-REPzGO V-REP-P@)

R--EPGO.'iRNK-BIRD.ENL-REPRISE"I BYTE AT -WA.i4H).

END OFF-POARD AD!*'E5,E5

i ('ELtAE VELOCITY LITEALLY 3 4 TARGET VELOCITY
INUNTS OF 8, I MILLI-RACIANS PER SE

4 1 DECL9RE -'GOINGOACTION) BYTE, POP>E LITERALLY C1(PH
DLES;15r' INTEGEF 816-H TNTEGEP

5 1 i:LPE cONrP. HTORGi. DELAAFO. HEL AMISS, IEL ,INTEGER. TC.NT WR.D AT (8F888f;

I TARG.ET ' PROCEDURE INTE'3EP.
['EFPE 'TCOIJNT. TTCOJNT. HTCOU.NT. TENSX,'OJNT I INTEGER.

2 COJJJNT = INT -NOT TCNT- - TrCOIJNT@8
.' TENS COUINT =ICQUII'1.

lii HTCOUJNT = TCOUNT/i100.
ii TTCONT = CO&RT4808.
L- RETURN *TTCAINT*267 + -HTCOUNT - TTCOINT*I8'*27+

TENS-COLNT - HTCYUT*jO'v*3'
SMODEL MOVES 2H 7.8" IN 5248 COUNTS ITllS 22 FEET FROM TRAINEE.
IT THEREFORE MOVES 36875i2'2*l2WiGOO8/5240 = 8 267 (O 1 MRADCOLINU)

13 2 END TRGETSY.

I'# I IMEA-i.fiY PPC'fEDURE -'LLUNQ E'XTERNAL.
[5 2 UErLARE HC*LLON6 WORE'.
16 & ENDi TIMEJ#ELA-Y

11 1 -EC'LAR'E RESULTS .80' STRUC~hTIIR(SJOU0NT INTEGER-LY INTEGER,
S-Y INTEGE S-7 INTEGER. LORAEVI INTEGER. S-GAEZA INTEGER.

SSSTCT INTEGER S-YH155 INTEGER. S-YOIJT INTEGER, AT (2@W6I4.
I INTEGER.

I.- I DEC LARE L8. CsW -1-DTkRDYi- BYTE EXTERNAL.
19; 1 DECLARE S;AYLTCNT INTEGER.

2'. 1 fREPPISE PRYOC FR PUBLIC.
SAVE..TCNT 0

3('r, *411E NOT HS-EW.GO.
r14 END.

H-REPJIC' 8,
DO 1 : 0 TOU NT -
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--I ;i Jit li 3NKI+N'i.U '36: 16:16L PAGE 2

! F ESULrS- I E'.i(N'T .;RVETrN THEN

ki 4 ;HE tNT iESLTS: I SIT
4 EtD THFIJSTEP

*f -j CL T IME- LELHY '19.4
[ = LOW UINS1GI '10 RESULT'S'!1) S-GAEY-''

E- oW JNSIN tRESULT3(I'-- B A -

r. PIRD-A'T-R 1
-7 END.

END }H-&EPISF

41'&5RS PROCEDURE PUBLIC.
41 S9IVYNT =0

41 .'kEPPt), I.
4' ['0 Wr<LE WIT~ Y-EP-Gfi0
44 EN('

4 . NO I 7-0V COHNT - 1,
IF -E-LT 1 -S-SSTCNT I' AYE-ACNT THEN

4-' 4 FRLERI'THROUEP bf,

-;AF-TCN1 R ESOLTS.k I S3,$TfNT.
4 END TItlr''TEF

-~ - CALLTIliE-AELP
6-Y 1:14 (NSIGNi 'O' - F:ESULTSU) £-GAELI!*)

A4 B k4'UN3IGN 'RESUILTS'.!' S-- + -180)).

END--

END V-RPRISE.

60 i DEC LORE GFlU'XN&A'U[' LI TERALLY 6
I3POIINC'IXP LITERALLY 5
HITAAPRiET LITERALLY -
R:&CET-O LITERALLY 2

vi I SOUiND PROCEURIE 'WHATt IN0 EXTERNAL.
- DECLARE WHAT-KIN(' BYTE.

END 56JND.

/* THIS VERSION flF "(*000W'" HAS BEEN TESTED AGAINST AN NTEC BASIC-80
PRffiRAM THE BAiSIC-Ao PROGRAM- IN TUJRN1 WPS CHECkED WITH THE MCDO*ELL DOUV5i$S
VERSION OIF TYPICAL DRAGON MIS1 SILE FLIGHTS, WITH AND WITRXIT aSER ERRORS
NO S-fINIFICANT DIFFERENCES BETWEEN THE VARIOUS P~rOGRftS NAVE BEEN FOUtW.

'THE PROGRAM U)SES INTEGER MATH EXCLUSlIVELY RID REQUIRES 2, 12 NILLI-SEC TO
EXECITE EACH PASS THPOUGH THE "FLIGHT" LOIGP AS DETERMINED US-ING ICE6wE A SO)FT-
W*E rLOATING-P6INT-MPTH VERSION WAS TRIED BUT REQUIRED ABOUiT 2 SECONDS PER 4

PASS THE PPfjRPqM 14JST OtPERATE IN REAL TIME TO SIMILATE THE MISSLE PERFORMANE
TO DO THN]; EATH PASS MUJST REQUIPE NO WiRE THAN 20 M-SErOMt'S- THEREFOR*E- THE
FLOATING-F OINT VERSION WAS- ABANDONED1

THE F.UPPrC.E OF THE Kil"GRA IS; I') PRIDE ['ROGN CROSSq-TRF* PSITION DA TA
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,. t.- :MPILEP D9'fIGONFL IGrTlTMDULE k,"6/i@ Ff'IGE

TFi THE SIIL "T%;" VIEWER IN THE TRAINEE S SIGHTING DEVICE THE TV DRIVER
WILL B;F AN A 5.EPARAIE PC BOARD PLLGGED INTO THE MULTIBUS THIS WILL PECUIIPE
MIA. iI FP0(ES-.OF' OPED-TION AND ALL M P PROTOCAL INCLLING "MUTUAL EXCLUSION"
,'lUST BE (BSERVED THE RECQUIREMENT. THEREFORE, REMAINS TO ESTABLISH A BLC(I
,F MEMORY THAT CAN BE ACCESSED BY MULTIPLE MASTERS ACROSS THE MULTIBUS ND
A SEMAPHORE FLAG MUST BE PROVIDED FOP DATA PROTECTION. */

,4 t LECLAPE GR"EY, G"EZ) WORD EXTERNAL, (GREY-I.-G:EZ_ 1) INTEGER,

t DEC.LARE ,Y V, . VY, VY. "Z, GAMMA, PHI., DEL$VX, DEL$V, DEL$VZ) INTEGER.;

RDECLAE 'H$FOV. V$FO',?. FIRE" BYTE.
GIN.$FAC, NUTAT. GAIN. REFSVCILT. COLINT', INTEGER.

67 1 IfCLARE 'MOUT. INTSH ERFSH. IN$HCOMP' INTEGER.

r,-- L DECI-JPE k",lOT. INTV ERP$V. INSVCOMF INTEGER.

DECLARE iHANG. '' 4,.], HMISS. VM!SS; INTEGER.

"70 I DECLARE HTP!3. jTPA', -'TPRG', INTEGER.

S DECLARE FINISHED YTE PUBLIC. FIRSTSFIRE BYTE,
'S4TCNT. INT.FF. COS$PHZ. F$FRE.O.l INTEGER.

72 1 ,ECLAE H-MISSHE: , _MIS-HEX.;_MISS-HEX) INTEGER PUBLIC.

,'iDE._fL$TCNT, TAF'GETSSTCNT) INTEGER PUBLIC;

I: 1 DECLARE :[,EL_OFF_H.OFFH', INTEGER.

.4 1 DECLARE SMOOWTH, 4 INTEGER. II BYTE.

'. S$TCNT ! THE NUMBER OF SIDE THRUSTER FIRINGS
COSsPHI. UNIT = '3 8.1
FSF'EP UNIT = . 01 FIRE/SEC
INTIFF UNIT = 0 801 FIRINGS
FINISHED IS THE FLAG FO A HIT GROUND
clUNT . INIT 8 ' 32 SECOND

,AINSF' - UNIT = 0 01 X MCDONNELL BASIC FPOGRAM "G" UNIT
MUTATF UNIT I--4 RADIAN
GAIN (A1,4lT = I VOLT / RADIAN
REFsVYtT . UNIT 8 81 VOLT */

', H$OOIT . INIT = 082 VOLT -- BASIC PROGRM R. VALUE
INT$H . ONIT = 0 82 VLT - BASIC PROGRAM Ol VALUE
GREV.. UNIT = 112 PIXEL ,.IS 25 MRAD', -- BASIC PROG GI'RAD

LENS FOCTAL LENGTH = 125 MM --- SEE DRAGON VAR
E, RH . (INIT 8 8 8e2 VOLT -- BASIC PROGRAM 1i VALUE
INSH(OMP UNIT = 0. 2 VOLT BASIC PROGRAM P1 VALUE
v$.T . UNIT = 8 802 VOLT -- BASIC PRO.RM R2 VALUE
INIS' . iNIT = @ A2 VOLT -- BASIC PROGRAM 02 VALUE

GREZ1 . UNIT = 1/2 PIXEL , IS 2 WAD) -- BASIC PROG. G2,RA&)
ERRSw UNIT = 8 002 VOLT -- BASIC PROGRAM 12 VALUE
iNI'401P . UNIT 0 802 VOLT -- BASIC PROGRAM P2 VALUE
HI";;'-* vMISS= 0 1 MAD -- GI + El , 62 + E2 ANGLE F

MISSILE TO TARGET LINE
XTAPG 1011T 2 INCHES -- NOT IN BASIC
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I jr'- (.9 llj4 fo~ .l'- q. £ 0/16/10 PAGE a

H1,_ r'AP. U.NIT I 3 MFAC' -- BASIC E- A' E

UNIT 03 1 MILLIFADIAN -- BASIC "El"
W,05G UNIT '3 1 MILLIRADIAN -- BASIC "

616-H UNIT 8 1 NIL-RAD/5O
'Nv)ETBP -,lNIT R3 I MILLIPADIAN = HANG

)*Ui ,1 £ IN UI T '3 £ MILLIPRt'IAN Y ANG *

I N P tfli 4 vY I N INHES FEF SECOIND. Y 7 IN UNITS OF A3 k5 INCHES,
Vy -v Y 1t NI' ( 1F :(i INCHES PEP 18 SECONDS GAMA x PHI APE IN DEGREES *

:r FF.H IS THE INORiZANTAL DISTANCE OFF TARGET LINE UNITS OF 8.605 INCHES 4

*TH[S PPOGPAN ASSL*IS THAT EVERY CYCLE REQWiRES e, 82 SECC#0S. IT MUST
BE CORRECTED, WHEN WE DETERMINE HOW LONG THE THING TAIES *

POGRAM VARIABLE INITIALIZATION

75 I IITE$11VAP PROCEDURE PISLIC

7, p TCOUNTO = [NT' NOT TCNT) '4 TCNT CC'MES INVERTED FPR4MYi2 BFf'*
HIARGI =8 /* HIAP.G FRO)M PREVIOUJS PASS 4

OFF-H HMISS '3;

=y A.

FHI.IIT. iNTSH.CGRE_VVOUT. INTSY.rCAZJ. HANj. YANG STCNT. INTSFF '
I4TAPG =TARGET-Y

VTRRG ='

= 1I;S5 . ;~THIS WILL CHANGE WITH FILM DATA NO)W =188 M *

P ~ ~~~~~~~~~~ leR 1T :AY7O *-* jc*E FIXED . IPO *n

31 2 FIRE, FINISHED,. FIRST$FIPE. BIRDHITS.EWLMISESGRNL-BIRD Ot' NOTE- TYPE IS ALL BYTE HERE '
2 -PEPO P tRHEF _WV) YYELP@ V ;EP-GOI ENLRPEPP IS-E = 8

DELAHMISSc = A

END INITIATESYA.

~ t~ns .s.***.ssPROGRAM STRTS ******n**.n****

iIGHIN PPOCEfRE Pt~U.f

MISS;LE (PATHti Lf'

HMIS;JIEX ' MOOTH-' 3't9OOTH~ioSMOOTH(2)*SMOO-TH-3))3/4;-

rP ESULTS' I'- LC)UNT:CUMlT;
B-4
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P1 M- - "10FLEP PROFL GrjTWICQILE ei.'e PR'i 5

IV RESIJLTS&. IP K -9 5 THEN RES6LTS' I S-Y = -95.
104 IF RESULTS ', ;- 15E THEN PERILTS'P) S-A 15@;
1%6 PESLTcVkI' 5Z 't X 1@)*MISS)/9@; /* DITTO */
106 IF RESULTS';, I5 . K_7 -95 THEN RELLTS'I) 52Z -95i
164 IF RESULTS'! I,2_ ', 156k THEN DESI.tLTS 1)S- =2 15e;

11 ESLLTS' I - S)jfsEK-I =GABE-I
11FSIJLT9'. I - q-G*L1=GI AE-I.

21 4S).ILTS' I' S-STCNT:S;STCNT.

11 1!-~rN -A To-
MCOTH - IEND

TINY TRf* POSITION

115, 2 HTWARG TAGT-.
119 2 (EL-HTFPG = HTiPG - NT17.1.
12 2i HTPF31 NTRG. :~SAVE TARGjET POSITION TILL NEXT PASS *

L. I 'CONT 
- uAiNT 4 I.

I* ~ ~ ~M* #4444*:t NIS-u DYNAM ICS

I ZA~iIR' =YANG .~TRANSFER BIPD POSITIONS TO "BOARPD"
1> 1 YANGYBIRU HANG

124 2 BIRC, iTF['Y 1

125 2 -. GANMM -q,

1k 2 iF FIRE I THEN CoO
12R - (EL$V DEL$YZ + 7715 - F'HI*PHI.
129 CALLSIIRdEFI.

I~t' FIRE-BIFE'I.

in j~I%: AEYA SIGNEDGAFY'.

124 2 TARGtET-ITCNT = SSTCNT

1~ 2 IF IAFS"'XJIISSIEY'- '-25 THEN *2A t)~ 1.3 FT FROM RANGE OF TARGET *
11- AIJARGET DOI

138 1K !F IDEALSITENT ', TAGT. $T(NT THEN IDEAL-SSTNT = TOPGET-S$TCNT.
4 40 3 IFY' 2000H THEN

141 3 KMISS.HEX '-**MISS),*6N. /* VERT MISS DIS;TANCE. FT *

* 14 ELSE '.KMISS-14E' = ' X/1600 MISS'/Q.
141 IF TAPS' H.MISS -HF>, * 4P AN TAPS'vYISSAEX) THEN 7*IN RXE FT RECTANGLE *

145 4 CA' SOJIHTARGETY,
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H-4 "WiILEP I'Pk oINFLIGHTItiX'4.E K/714710 PAGE

.4r. 4 PIR('H!I z I.
i4t E.IPDIISF, ES
t46 4 FINISHED' =j
149 41 Eli' GOOL-SHOT.
150 ELSE PALS"40T EIPLMISSE I.
151 7 NfD RTTRQGET

154 ~ W, + DELJV

i w.IF FIRE z I THEN ('ELSY' [EEL!> + 62.
158 %X -+ DELSY 2.

L)EL-J =X

*DEL _

1,7 IF FiRE I THEN ['ELSVY - 2159Rq-PHI*PHI 'A_@*PHWI;
165 2 ELSE DELSVY = 0

11; -l = Wy + ELSY/2
16 2 (EL OFF-H = VY/125 - (.Ev1A.I@-jISS25b 'X/2%) *DEL HTAPrjG

AFF-H = OFF-H + DEL-fIEEH.
I' .2 XNOTH'io.' OFF-H4/20.
170 2 WY = VY + flELIVY / 2.

DEFINING A~NGLES

* WE INTPOI',LWE THE UiF-GET DATA FOP TRGET MOVEMENT FROM I C

-. 2 IF COUNT 75 THEN TOIf AVOlID A "D'VIDE BY ,E~R" WHEN CALCULATING "HMISE *
t-- 2 N1.,LES DO.

V.4IS - -415 '2.0FF-H)'7'74'
1 MISS = 2*P ''128S - YTAPG.

HANG z i41415 5*wAY 172
I ANG = YMISE - A7172:

LIc END ANGLES,

THIS IS THE TRAMEP GAIN SECTIOIN

17? AISFA: 44 - . ':'JNTi/18
I[pl' I F iAIN$FW >14@ THEN GAINSFAF = 140.

IF GAINSFPC (100 THEN GIN$FAC = 1ee
IF-4 IF NT N4 THEN iTAT = 240. . WITH 129MM LENS, FOY 15 24 NPK,.

ELSE PFITRT =z , '28595/GAINSFfi )*1A),4UT;
IF 1('NIT 47 IHEN PEFSVOLT =87',

ELSE REFIvlOI.T = 18 * COUNT.
I,* IF PEFIVOIT > 8M. THEN REF$VOLT t875.
V9, IF (OIT , 46 THEN GAIN =43 * (CONT,
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A
Pt I 0* LF r i'RPu')JFLI HTIMU-LE k/1610 PAGE

94 ~ ct 31N jj~h - S75.' MAITR

(.HEO FIR1 NI.TAT ION RADIUS EXCEEDED

1% 2 IF :o fT ', 2A THEN

-IF IiRS HANG' NijTAT THEN NSFOYV = jI

I8 IF IRBS'VAN'- NIJTAT THEN '.tFOY 1;

Tm41; IS THE HOPIZ~iNTAL PATE POSITIO3N PORTION

7 2 IF NOT H$FO5V THFN

2057 ~IF ffluN1pT 2THEN INSNOIF, r FNiACHAp ~ 'OJNT=22 <z:) TIME= 44 5
t FIRRT FIRE OCC1PS 8474 £C*

iv ~ELSE INSHIJ*~tiF ANf3:AG
285. 1END CRILC$H

FLEE IH(fNP z E;7 :CLT 5 )*HAW-, IRES.HANG)

2 E;PI IN$H(O4IF -HCUIT.

tI 2 *NT =iNTfH'10 + 37*INHF1?1P.
rj1 27 INTtH INT$H + ERRIN.

HORIZONTAL WIRE

/ PHI HIOJ.T. 'f.
I21,4 - IF PH> -7,- '4NFPHI -9

7 IF PHi 7,THEN PHI 7,.

THIS IS THE VERTICAL RATE POSITION PORTION

- V 2 IF NOT /SrTHF14
,1 2 ,:ALc$i ro-,

Al ~ ~~~~ IF 1INT HEN I N$Vf OMF i~ "0 *VPNA jtVANF3@.

E,-. ELS NSC Ns OMF GApI N 20 *VANG.

EERRSVS

INTSY ERRS'OP WA 7

*229 2 wifIT INTSV/5? + 9*INSCONP.
2?7 INT$V =INT$V 4 ERRSV.

FIFE PULSE GENERATION
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Pt N FrONEII EP' NFL iI'jHTNC'RtE 
W8/16/tB PGea 6

t n I 4" 01I

B' ~CN$F H T 9 .PH I*PH.17

IF COUNT 24 THEN

4 EIP-STSSNT [ I

INTIFF z H

FIRSTSFIFE I.
FN[' FIPS.TSS-HClT

24AJ IF FIPSIIFIF'F THEN
241 2 CRNFIPE I{t
24 2 IF SIT0 NTKTOHE
242 1 £CIE$LEF7T E'0
244 4 IF INT$FF ) COrS$HI THEN

245 4 PIPE$CNE DO0.
24' ~INT#FF =

?47 FIPF = J
240 5 ITCNT ITN; ft
24' ' N-4EOE

r ~~ INHEFF INTIFF +FSFPE' 509

L~i 4 IF E-2A TEN:F

j4 3CI (.Ef )('

Sr I 7 FAI*r N 27 THEN COLSOLND tiPONEEXP);
ELSE CiLki SA')N 'GPCONDstIo
EN' f(FiYjNV E[.

END) te'3NSPtL TgH.T$M-{ (F

MAcij~ it EiNFOFP4T IfN-

-'f(E FIER SIZE = O3H 2-711
rlANSTfINT AF'ER -!UE = 0*O-H *
'jPIiUF AER SIZE = 0@2H POD
MA' IMLI! ST~ri SlIE = AAASI4 4
41 LINES PEA(

4

B-8



MCS-86 MfCRO ASSEMBLEP IPSENT A'"24/rsq PAGEi

ISIS-i1 MCS-86 M,AR' AS.SEMBLEP V2 I ASSEMBLY OF MODULE IP-.ENTER
11TEF7 Mi'XE PLAICED, iN F1 ('PCf '36i
AFM6LC INVOVED P M F1 DPM.' Ft OPGI' @01 DEBU3 DATE ,82/2419"

L O ,f LINE Shtl':E

I iAME IFCENTEF
2

3 THIS 15 A [-RIVER PROGRAM FOP THE PETICO. 6028 JSING THE 86/12 BOARD
4 IT IS BEING JPDATE, 9..23/Bi

DGPOIJP GPOI.P DATA. STAC. SBCPEGS. XFEKSEG

7 CGPO.. GROIP COE

9 ASSUME SS DGPO.' CS CGMP. DS DGPO'., ES rGPONJR
18

11 STACK SEGMENT STAfK STAC

8080'6412 W 64 [IP'"1

*88 13 TOPSTk LABEL WORD
---- 14 STACK ENDS

15
t6 -THIS PROGRAM WILL RESIDE ON THE SB "DFS" IT WILL WRITE V. ZCENTER',
17 DTR TO THE SBC "PIP" VIA THE MULTIBUS THE "PIP4 HAS BEEN R.UVERED"
1p, SO AS TO ALLOW THE MLtTIBJS TO ACCESS 8K OF ITS RPM STRTING AT LOCATION
19 RA.W8 . THE "fS" JMPERS ALLOW MULTIBJS ACCESS TO k OF RM STARTING
28 . AT 8888H THE ON-BOARD LOCATION OF THESE AVRILABLE 8K-S START AT 69W
21 *ON BOTH BOARDS THE BOrARD (REF FIG 2-1 V./124 APE II*RED AS FOLLOWS

* SOC DFS JUM.PERS NULTIBUS ACCESS .BC PIP JU PERS MtATIB.K ACESS

,9 127-12 =z> X = 8 127-128 ==> X 8
51 6-11 CLOSED SI '-ll CLOSED

27 51 5-12 " 8'S 5-12 " = S 8K
51 1-1 " 51 1-16
51 2-15 OPEN Si 2-15 OPEN

ri s5 3-14 CLOSE[, 51 2-14 CLOSED
'1 51- " =)888 P1 4-13 OPEN :&>A80

XFERSEG SEGMENT AT *eH ON SBC "PIP" AS NOTED AOVE
35 -WILL PASS DATA FOP :NTP, ZCNTP

IF THE "DFS" IS THE DATA "SUPPLIER" AND THE "PIP" IS THE "USEP

, ' 28 STiRTBIT DO i Dpe)

:9 PUBLC rB Y. B_Z, -"TAIRDYi
1 48 .y DB 1 t)JP('

.2 ['TAPf ,8 1 DUP"[.-,

* B-9
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-AWROs ASSEMBLER 1R§CENTE;' 82/24/89 PAGE 2

1.!" t6ItNE SCVCE

m14 4? BAkMIS D8 1 -PQ)

144 OFFSET-Y 06 1 DIJP 0)

cvL4S OFFSET-J 0e I REQ )

- -46 XFEL-SEG ENDS
47

- -48 Sf YEGjS SEGMNT COMJMON
~~h ~4 . SSCPEG D8 88 DWI')

A ' MISS 06DEPQ TtiE FOLLOWING 6 BYTES APE NPtIMD OPAPTLt-OFF'
IN PT8EXF

51
A 1 52 RIGHTj[94

~AP2 153 LEFT Ile 0P'

'1324 1 % DON DE. 1 Ctf'-I

WsZ5 I I's I6 1 p 0) EIMMV BYTE TO MWE 3 WdRtS OF 'PAPTLYOFF' IN RT8SXF

W26 '1 ;,7 "'NTP 06 I FlI.P. ' THE FOLLOWING 6 BYTES FIRE IN "LCOTIONS" IN P.TB6XF

ic, 3 '71 5A ZCNTP D6 I. Oijp')

't 159 YMAX 06 I [IIJP(',))

9 168 YMIN DEt iDUPQ)

62 ZMIN D8 1 DUPi""

B-10



LINE SiPCE

Pf 16LI V AEY. GWE
I t REV W ~ C{IF'

PUBL I: GREY GAE7

~.P~rPEY. ENDS

72 EYTRN P[.. PRCKT NEAR'

S CJOE SEG3MENT PU.L I C 'CODE

PUR1L I SETPFT
000 EYPET wPO( NEAR

-- EXIRN INITI NEAR
00*PUL BF

*@I IE PUSH I-':
*2B8---- Po NO RX. IOPOLIP

0007, ;EfO A?4 MCNk. Es 9"
*09 E&0000w E CALL INITi
*o': AAA00 AA p WRIT@ NOV ALESTAPTBIT THIS WAIT LOOP HOI&D5 UP PETICON DATA UNWTIL

CX THE PETRO GRPHF~ICS KOAM IS SET UP WNO THE
* ATPIX E:OAF'f IS P.EADY AND WPITINGj

WK0 IAI -M P kL I
AM t I 7FQ 9CA INE. WP ITA

4 1 N,' FOP F$
FF1

Q4 SEPE 1 FF NPP

F IJFt i CYZCNTF

-,- *6' Y7NT9 PPif NEAP

001I '' PUISH DS
60 4 --@ 1@@ Mow: AX. ()CP

001 Th t'OV D5 AXFA OOF ESOCI* F I_ ALLN ;
4

11 ;W NO L747' FR HOS TF"N-,llr#S HIC CA B ASCUPEDWIL AE NOUNE)

I.Ap -TH CETER INEOF THE SIMULATED WEAPON SO THAT THE OFFSET IOF TIJ 40OT FF011
I 4 THE CENTER XTHE IOOXIOO FIELID OF VI1EW WILL MEASUIPE THE LEAK' A41- ELF%*TIC4N

Ito THF E W A(T TF'TGGP TIME A SW$LF PETIEON DATA LINE CNAN iA
it] SINGLE SP I fMT SPA f 1j;

U; W c P41 " E FA k4 .4

'awf



- 0 p 2/24/09 PAGE 4

INF -3OK:E

114
i4, TmI3 INDICATES THREE TRAN.ITION_ IN THE LINE BUT ONLY THE FIRST TWO *E
116 .SIGNIFiCANT AT ICH THERE IS A D8RV-T&-LIGHT TRANSITION. A- INDICATED BY THE
117 ,IGHEST ORDER BIT ,(HOB, = 8 IN DATA BYTE #3 (68) THE FOLLOWING TRANSITION
11 .IS AT iEH AN, IS R LIGHT-TO-[AR4K. AS INDICATED BY HOB--i IN THE FOLLOWING
119 .6vTE #5 (EO' EVERY LINE HAS A FORCED TRANSITION AT THE END-OF-LINE.
120 •LlCATION 64H=IW THE PROGRAM STARTS FROM LINE #0 LOOKING FOR 03 AS THE
121 INITIaL DATA BYTE IF 83 IS NOT FOUND, THE NEXT LINE IS EXAMINE& THIS 15
122 , CONTINUED U.NTIL 100 LINES HAIVE BEEN EXAMINED FOP THE PROPER MBER OF
12: ,TPASITIONS
124

1, .RESISIEF USAGE IN "CENTER"
126 ,AL' 1. NUMBER OF TRANSITIONS IN DATA LINE
127 'AH = BYTES TO ADD TO DPTA LINE POINTER
128 ,B(X) = DATA LINE POINTER POINTS TO START OF DATA LINE IN "SBCREG"
123 (CL) = LINE NMBER
17f 'CH = 64H = i@=> THE LAST DATA LINE

v.42 B1- .2 (ENTER NOV CX, 6501H CH:65HI + LAST LINE CL):i:--> FIRST LINE
viol-, FRFFFF Irl mOV BX,-2 ;INITIAL VALUE 1-F DATA LINE POINTER

P1: 4.;' 134 MOV AH, 2 -INITIAL DATA LINE POINTER INCREMENT
402h (6&t.290364 R 135 NOV YMIN, SIZ .;SET INITIAL VALUE AT 64H
a12F LE, 8.M'64 136 NOV ZMIN,SIZ ;DITTO FOR ZMIN

74 Cp2w-A-ii P 17 NOV YAX, I
:- f6. 2RA~I P 128 NOV Z~NAX. ±

Re3[ F 4 148 ,UMP CMP CHCL ;HAVE WE FINISHED WITH LAST LINE?
.040 75K 141 TNE O'ER ;NEED "OVER" BEClUSE CONDITIONAL JUMPS MUST BE

142 ;LESS THAN +127 BYTES AWAY
,;42 E,E9* 143 .iMP DO9-NE
N84" A2JW 144 OVER Pap BL.H ;UPDATE DATA LINE POINTER. NOW BECAUSE WE CANNOT
0047 8{,7 145 ADC BH, ;ADD A SINGLE BYTE TO BX, E DO IT IN TWO STEPS

146 -USING THE CARRY FLAG, "CV". N. B. (BX)-6 ON
147 ;THE FIRST PASS THROUGH "DIiMP.
148

A.4A RA17'?-*0 R 149 NOV AL. SBCRE&[BX] :FIRST DART BYTE => TRANSITIONS IN DATA LINE
15'0

lN4E ffA 151 MOi AN, AL ;WILL FORM DATA LINE POINTER INCREMENT IN A-
%5e FEC4 152 IN' AN
W52 DE4 153. SHL A. I ;(H)=2(AL+I), THE DATA LINE POINTER INCREMENT -

1%54
k15 4 ::7020A P 155 OV L, SBCREG BX+2 I
*11 2 C64 156 lMP AL, SIZ
f', 7489 157 JE SKIP ;IF NO SPOT, THEN GO TO NEXT DATA LINE
,&if F8,AWG 158 CALL GOODLN . WILL UPDATE SPOT INFORMATION
' F Ft% 159 IMP DUMP .GO TO NEXT DATA LINE

*.L AC[, 161 S IP (MF CLCH -THE LAST LINE,
8@K? 744(, 162 7j DONE YES' SO WE JUMP TO THE FINAL CLENW-UP
8%5 FECI 16. INC. CL ,NO' 50 WE RETURN TO "DUMP" AND
Wr7 EB5 164 iMP DUMP .;EXAMINE THE NEXT LINE

165
0069 30BFRAWIfi$ 9, 166 GO)DLN cpF SBCREGBX1. 2 -ONLY TWO TRANSITIONS "

%6E 7419 I;7 JE TWOX .;IF SO, SPOT IS ON RIGHT EDGE
907A 1W.2%- P 168 CMf AL. VMIN .IF NOT, GET NORMAL CENTER. RECALL THAT

B-12 0



tW NA PO ASSEMF:LEF IF C ENTEP A2124 /(19 PAGE

IN' THE OUPCE

19 *AL CONTAINS S CBX+21
0$410JA N41 JW IF (AU) IS AlBOVE YNIN. TE. CV FLAG 0

1721 RECALL THAT A ClIP OPERATION SUBTRACTS THE SOURCE OF 2ND OPERAND FROM THE
-DESTINATION OR 1ST OPERAND IT DC(S THIS BY ADDING THE TWOS COMPLEMENT OF THE

174 -SOURCE OPERND TO THE DESTINATION OPERAN AN A CAPRY-OUJT FROM THE HIGH ORDPER
17r -BIT CAUSES THE CV FLAG TO SET TO 8. BECAUSE OF THE SUBTRACTION OPERTION

P6 T L EAST TH IS 1S WHA T THE 8M8 DGES, AND TH IS FLAG I S THE SAK. I N THE 8;
i77 THEY SAY THAT AFTER A SUBTRACT OPERTION "CV" IS SET UPON A CAfRRY INTO( '

THE HQB OF THE RES.tT'

0&P k_% 43 1R8 MN YMIN.AL IF Nil JUMP THEN UPDAPTE VALUE OF VMIN
J*W9 kH'00 - 1A1 NI NO A EC4F\X+4 1,R I GT EDGE OF SPOT
tWl7D 3A*2883 p 182 ClIP AL. YlAX
*4~ 7 218 13J6 N4 fliP IF 'ALA IS BELOW VMAX. OP, CY I

OfAA 83 F 1034 NO VAX. AL IF NO JUM"P N EN UIPDATE YMAX
__A,~ Ei9 185 PIP4 N4 JUJMP AROUND "TWOX'

r00 9 C606280164 P 186 TWOX NOV VMAX. 64H -WILL BE ON PIGHT EDGE
@@','ISA876200j p 1,87 NOV AL. SB(FEOCB +2)3

'3s~ iA02~A p Ty: MP AL.YM111

00'~ e( f 19 MC YNIN. AL
AA96 f: O24- p 19Y N44 ClIP CL.7 ZY AT TH IS PO INT 7 I S PEAS)RED DCM9VAP

ujF .'404 19e1 N3 AWD WE MUST CC*FPLEI(NT 2AT END
A101 :c-IE2AO F iM OV ZNAX CL. .UPDATE 2NAX

805 AOE2B@7 P, 194 N? CNP CL. ZM111
W89 "7419. TA N49

0* ~t2? P 196NO ZNlIN. CL UP -TEMIN
OBAF F~fl 197 149 INC CL

808 19 PET

0082 (6AP42 07?* P 288 [VINE NOV MISS: 8
W87 80:_FYE06V4 P Z2fl1 c MP EM IN64H

0.pF 79K. THE N45
*OE f 'flFAIiJi P :AIV NOV MISSr. I *ZMIN R414 W N WSPT. SO SHOT W4AS A MICS

Wc r00R0 P A OV BAVNMISS -i WE APE "REALLY FINISHED"
08F V9O 28A5 imp READ

R@WE RWIE2B@01 P 206; 145 ClIP I I
A@OG 1585 287 JNE N6

12 (6062280301 P 20P NOV UIP. 1 -SPOT INCLUIDED FIFST LINE = )HT WAS HIGH'
0O7 80ASE2AO?64 P 2109 N6 ClIP ZMAX,.64H
WEO( '905 21@ YNE N7

RANE CF*8248?81 F 211 NOV DowINI ;SPOJT INCLL('EE' LAS;T LINE =>SHOT WAS LOW
RO7 k0WE2;.A3A1 P 2112 147 ClI VNIN.1
.A(, "501i 21? INE N8.

MAC FA~7Fq P "14 NV LEFT I
'OFF AmtE280?.;4 P AS 18 ClPVr s.64
WA4 7905 16 NE FINI

C6@ M6210411 P M NV R I GHT I

M1f RRJk-1 219 FINI MCIV ALI 6%
MA~i -AOE2AA Q 220 SUIB AL IZIMiX
01"! 6465 221 NOV AH-65H
810, A262B8TS p 222 SUB RH. 21111
.1t1K, Ac.2:Z PAI p 22: NOV IN AL

* B-13



M kcp n-. tPjfSSEmKEP IRSCENTER 02/24/09 PRtE 6

68l1 LINE SOURCE

P 1~8" 2 682, P 224 NOV ZNRXAH
AIRE A02883 p 225 NOV AL, VNRX
8111 82862903 R 226 ADO AL, VNIN
AM MREOW8 p 227 NOV BLOFFSETSY .HORIZONTAL BORES IGHT OFFSET
oiL l'2C 28ll ADD AUB.

116203p 229 NOV VCNTR.AL .YCNTR IN HALF-PXELS FROM LEFT SIDE OF SCRPEEN
o'11F 62018 p 23"IO B.ARL

0 Ir B1AE e_ SUB ANAL0

01-. ,),i 3C 4 22OV AL AH
iii 7 R234 (8W

'tE6(3p 235 NOV O8(V,AX GEY tIVE TO THE RIGHT CA INVERTS
oi28 &086 P 236 NOV AL, ZNAX
O31E 82062883 P 237 AD AL MN
8132 8R1E868A P 238 NOV BL..OFFSELZ
@26 02C7 239 RADD AL.BL
08Y8 Q22703 p 24$ NOV ZCNTR AL .ZCNTR ZN HALF-PIXELS FROM BOTTOM OF SCREEN
0138 20288 p 241 NOV BZAL
6138 14. 242 NOV AN 18$
4i1480 42 SUB AN, AL
8142 8K(4 244 NOV AL-AH
8144 98 245 CBW
0145 R32E8 P 246 NOV GREZAX% ;G32 +IVE IF HIGH, REF. NCDOWNEL-OOUGLKS
la48 W*1 247 RERU0 NOV AiL
8146 R20388 P 248 NOV DATARVI. AL iTHIS TELLS THE SLAVE PROCESSOR THAT NEW

249 ~DATA AIRE READY.
$140 IF 258 POP Us
0314E 50291 POP SP
014F( 252 RET

993

2q4 YZCNTP ENOP
2599
25b CODE EKIS
257

rl-2{8Lty 174f IETE. NO ERRORS FOtli

B-14 (



''*1;jf9MILEP MR IN. (*FiritNJ-M IKLE 1 /VI WE PA I

1VlUFLM-%3 V1 I (DMPILATI')N O3F HO(AJLpE MAINJ*RAQONJIOO(JLE
'k ;EC MODU4-LE PLACED IN Vjl DRIfWMN CI61
,CCItIPILEP INVOKED By FtN8t. Fl DPAGNN PLei DEMU RON? IXP.EF DATE 18/81/18)

I MA1N-I*PAG(*LM0(AE DO,

CFF-BORE' ROSCLUTE ADDRESSES

I DECLARE 'HIiAtIYiSSIXISS II''6) BYTE AT (W.A2SID)
FEL> JA4OT BYTE AIT 'AASIEN';

{&*** &***** * ***ENE) 0FF-BOARABSOLUTE ADDRESSES*********/

I I LECLARE 'H-ISS-EX< YJIISS.HEXX-Ml5SA-ExY INTEGER EXTERNAL, I BYTE;

4 SiOL-TfJSTERS PRCEDURE EXTERNAL

5 2 END SIOL-THPISTERS,;

I MISS-CO~mENT PROCEDURE'HEX$AD, MEWO, DIRECTION) EXTERNA.L;
- DECLARE (HEXS4DRi DEC$R() POINTER, DIRECTION BYTEi

x END NISS..COPNT,

1 DECLARE Ri LITERALLY @1 LT LITERALLY I
If LITERALLY 2 ON~ LITERALLY 3
S1$ LITERALLY 4'.

1f0 1 DECLARE FORFEVER LITFRRLLY 'WHILE V, NOSTRIGYIlL LITERALLY
'INPjT,'PORL-Bp AN I'. ACTION BYTE,

II 1 YEPPISE PPOCEDIJRE ETERNAL.

12 2 END VYREPRISE

13 I tiREPRZSE PROCEDURE EX.,TEPRL.
14 .: END H.REPRISE,

1l I TIML-DELPiY PPArEUkE 'HO'W-LWfl3 EYXTERUN[
V6 DECLARE NOWC I,KI*Q!'

18 1 SE;TRFT PROCEDU.RE E\TERNRL.
19 2 END SETRET

28 1 5J(M PPOCEDlJPE.IND'p EXTERNAL.
21 2 DECLARE l.IND BYTE.
2 2 2 END SO(IW

23 1 DECLARE INITIAL-BAR LITERLLY 7 GYRO-START LITERALLY 'I

24 1 DECLARE ARM LITERALLY L"' DISARM LITERALLY '3
DROP LITERALLY 4 . NIEDROP LITERALLY '5'.
FINISHED BYTE EXTER NAL

25 1 C~ APE POPPA LITERLLY' 8CSH POT- IERLYF

4,. B-15
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FL/M-66 COMPILE? NAAWOLMOL 8/KAOl PAGE 2

P~flT LITERPLLY 8CCH'. CONTROL LITERALLY 'BCEH';

2R- 1 YZCNTR PROCEDURPE EXTERNAL.
27 END 'L-CNTR

28 t PPISF7.T PF% EDURE EXTERNAL. .*SETS UP POR)TS.A 4 £C OUTPUT. PORT_ INPUT *
2M END PPI-SET.

AO 1 FLIGHT PROEDURE EXTERNAL,
- 2 END FLIGHT.

?2 I INITIATEIVAF PROCEDURPE EXTERNAL
73 2 END INITIATESVAF

PRO"Rf STARTS

14 1 START-.UP
CALL PPL-SET,

i rutTPIJT(CC*ITROL, N'LDPOP ,* DRIVES PORTSC BIT-2 HIGH &J1-28 LOW *

3' I OIUTPUT tCONTRf) = ARM, * DRIVU, PORT-C BIT-I LOW & "JV-22 HIGH *
/* Pf6OABLY NOT NEEDED --- POiRT-C COMES UIP LOW FOLLOWING PPL-SET*t

h. 2 HMlISHSCII(U)-
39 2 END,

4ii 1 CALL INITIATEMVA. .*FOR DRAGON FLIGHT *

41 1 DO WHILE NC'iTIGAPL,
47 END.

4- 1 CALL ScOUND"'GYPOScTART).

44 1 CALL TIML-DELAY k5tM);

49- 1 rlITPIIT(CONTROL) = DROP.

46 1 COTFUT CONTROL' = DISARM.

47 1 CALL SOLUINITIAL-BNG)

48 1 CALL SETPFT.

49 1 O)PAGONYFLYS DO WHILE NOT FINISHED;
- ,A 2 rALL VZCNTR;
.I CALL FLIGHT,

9j -2 END OXRGC*LFLYS_

I3 IF HAMISSA4EX 2 THEN CALL MISS-COMIENT(@HISSJfX,@HJ$ISA-SCII.RTh I
I iF HMISSa4E>: -2 THEN CALL MISSSq-OMhENT(@IMISSJ-EX,PtHMIS..SCII. LTt

l F Y-MISSA4EX P2 THEN CALL NISS-XOW(NT(@t-MISS-HEX,9Vj ISARSCIILIPt -

I~ F Q-MISL-HEX C-2 THEN CALL MISS-COWIENT(@VJISSJ4EX,@VjMIS..RSCIDN),

1 I I F L-MISSJ-EX K-24 THEN

B-16(



PL.'M-6 CC*PILER MA! 1-RLORA&tMMIJPLE 18/81 PAGE 3

~. t DR':'fK SHOT DO;
.MISS-HEX = IABOCkXMISS.HEX)X'6

.R4 2 CHLL NISS-OM*fNT(PLXMISSJ4EX @ .MIS-ASCII 594
!' 2 FELL-SHORT =1I

2 END DROKSHORT.
I~ ELSE FE-LLSHORT = 8

k I. CALL SHOWLTHRIJSTERS

I~ ACTICIN-JAIT 7*WAIT FOP REPRISE *
DO FOREVER.-

78 2 ATI()N =NOT (INPITtPORTP),
71 2 IF ACTIOIN =2 THEN CALL H-EP:ISE.

73 2IF ACTION = 4 THEN CALL YEPRISE:
Th 2 END AiCTION-WAIT.

I END MAINA'RAGjONAC($JLE.

MOOLtE INFORMATION

JODE AREA SIZE =081HW 3850,
CONSTANT AREA SIZE 888894 80
VARIABLE AREA SIZE 88829 20
MiAXIMUM STACK SIZE = 088C 120
125 LINES READ
8 PRO"I~ ERRORtS'

END Of PL/M-86; COMPILAT ION

C B- 17
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rL/M-r, C0MPILER DRAGiNJJTiLITY 82e/24/89 PAGE I

Pvi KA-dE K 2 1 COMPILATION OF MOULE (,F*360rUTILITY
ijtE ET MODULE PIKE(- IN Fl DRAGYT OBJi
COMPILER INVOKED BY PLM86 Fl DRAGUT PLM DEBUIG RON IXREF 'DATE (82/24/09)

1 DPH1,ON 1 T71 1 Df)

*4** *,*'*4 P* t, 4 t

-1.FF-BOARRC- ABSOLUTE ADDRESSES

I DECLARE ACTAL-THFVSTEPAESC11, IC'EAL-THRUSTEK-ASCI 1) (24) FBYE AT (OAO5O@H-
DUIMMY BYTE AT C8A820H)

.*** .**.. *****.END, (PP-BOARD. ABSOILUTE ACESS*****,******

1 DECLFIE FCILNTEP@ LITERALLY 'DAH -COUkNTERI LITERALLY -'802H'.

COTO- IEAL . 0 SEE PAGE 3-3 IN 86/12 MAN *
4 1 (ECLARE CNTRSOW'E LITERLLY 34HW /* 2 BYTES, MODE 2 */

FNTRIMODE LITERALLY 7'4H'. 4s 2 BYTES, MODE 2 *

/*TO, PPCIGRAM THE :-.253 PROGRAMMABLE INTERVAL TIMER OP. "PIT" NOTE THAT *i
'THE INPUT FREQUIENCY TOl 10 IS 1. 23 MHZ ==) AN 813 NANOSEC PERIOD *

S I OPIA0RE LOW@ LfTERALLY Oh COUN4TER 8 PERIOD IS 5 MILLESECONDS *
HIGHO LITERALLY 'ISHV.

*NOW WE WILL CONNECT OUiT@ TO CL~l BY T~UREP 59-61 INSTEAD OlF THE
DfFAULT CONNECTION, WHICH IS 59-6e */

~, I DECLARE LOWt LITERALLY 51 *4 COUNTER i PERIN0 IS 5 MINUTES *
HIGHi LITERALLY @EAH MIlN * 68 (SEC4IIN) / 8 88 SEC -1 IN HEX *

1 I b OF RE TIMESLATCH LITERALLY 4ciH 2 A COI-NTER 1 LATCH PAGE 2-10 OF 6/.12*
*LSSTIMESBYTE. MS-$TIMESBYTE' BYTE PUBLIC,

- I DECLRE TIME ADDRESS PUBLIC
-4 DECLARE LONSTIMESBYTE BYTE AT (TIME'. HIGe4STIMESBYTE BYTE AT CTIME + I).

II 1 TIMER$START PWOCEW-RE PUBL.IC,
11 ; OUTPUIT\CONTRO LIcNTP8MAI(E, /* SET C-!UNTERS 0 & 1 MODES *
12 2 OU3TPUT(CONTPOL ZCNTRINODE,
1 2 CUTPUT-'C'?UNTER8)LOWO; 7*INITIALIZE COUNTERS *
14 2 OUTPUT(COUNTEP@SWHIGHO.

*1 OUTPUT, CO NTERD)=LOI.
1 1 0UTPUJT(ClONTER1)=HIGH.

1- EN(D TIMER$SFIPT.

I3 FLOCI'PEKt PF1XERIE ADDRESS PUBLIC. 7* GETS THE CONTENTS OF COUNTER i *
14 I-AhJTP1T(CNTRui' -TIME5LATCH,
A LOnW$TIMESBYTE INiPU-T( O'JNTEP1'v,

21 HICMT ME $BYTE= INPUT n:YJo-NTERI).
;*ETI.JPN TIME.

-: ~ N( 1110 LI~REPD

e 'It I IECLAFF - :PEALS'-$TC'NT. TA'GELTCrNT1 INTEGER EXTERNAL

B- 18



'L. M-4. Uifl(EP [,PAiON- ITIL I TY 02/24/0f EAil 2

*N B REFEREI*ES 4RE TO 15GB 861m'12 98010645A*'

I DECLARE PPI-FOCNTROL LITERALLY 'OCEN'. BLJSJFREE LITERLLY H';

t. I DECLARE SENARKIC BYTE AT -'60@0W,,

I TAPOET-LOC PF'OCEDIPE(ID) INTEGER PUBLIC.
25('LARE ID BYTE. 7* 10 IS I DENT I F ICAT I(N F H. V. OP Y T i5 *

9 2 DECLARE POSITION INTEGER.

30 2 IF SENARIO = 'A THE'N
.1 2 SCENE..A DO.

72 3 IF ID =I1THEN
3; 3 TARG-H DO. 7* REPEAsT FOR. V AND X OF TRG1ET *

S4 4 END TARG-H;
S15 3 RETURN POSITION
36 3 END SCENL-A.

37 2 IF SENARIF 'B8 THEN *ET.ETC *
268 2 SCENLB6 DID,
39 3 END SCEN-B,

40 2 END TRGETLLC,

41 1 INIT-STEPPEF PRCXEIAIPE PUBLIC.
42 2 IF SENW.RIO= A THEN
43 2 INIT-A DO,
44 3 END INWTA.

415 2 IF SENARIO ='6 THEN /* ETC- ETC*
46 " INILB6 DO.
47 3s END INITLB.

48 2 END INIT-STEPPER.

49 1 HX2AS PPCCEf&PE 'EAFACIT ULC
50? DECLARE (HEkAR-ASC ILA+h POINTER. HEX BASET- HEKAFDR INTEGER.

ASCiI' BASED ASCILADR t5 BYTE. 'N-M) BYTE. REMAINDER INTEGER.

151 2 HE% z lEtE.
-V 2 DO N=@0T'4,

51 _- M= 4-N.
54 2 REMAINDER = HEX MXO 10? + 78H.
5 AS;CII'M- = LA(h4;IGN-PEMAINeEF/n.

3 HEX = HEX/10.
57 3 END;
58 2 NP4=0

59 2 DO WHILE ASCIIN) 30 AND W4<5. REPLACE LEADING ZEROES WITH BLAN% *
6f1 3 AWI I N) =2%.
61 Is N =N+.
62 3 END.
'6-. 2 END NX2AS.

;74 1 SHOW- THRUSTERS. VRIYERREl PUBL.IC
65 2 ALL HX2AS(@TAREL-SSTCNT. @ACTI-ILTWfJSTEP-ASC II.,
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PL'r-. klp:LEW 75FAG',N-TILT 02/24/89 PAsGE 2

&TIJLHPJTER s',c 11

*T'HPSTE -tASCI; t H

2 ACTL~LTj 5ERS!lS'=U

7 ;iCTifTJHPL'TFR-RSC119) =

- RCTUL-THPY3iTERRSCII-!h T'.
RCfTU9LTWLr-tTEP_ qI_11'I E
RCTU~k - T~S1 S 1

?4 &j( -'ufj-R TH'ITEP-t'bc !
* CTUFIL THFtISTEPRC i 1 'J
*AUURLTRP~c;TEp..A:: I i5) 1j'

77 2 Rr THsL THRLITERASC I I i'
*4 KTHAL THRUSTERASCII1,.I?'

7c. K Ti F~JRTPSlTEF'-- 11SCI1

- VEAL _TKE1.TE; 11 -Ji H
Ks 1 1HAL-TM&IJESTEPA-SC 117 P

A4 IDEAL THPI.STEP -EC II [,c,
35 * DERL-THRUSTERR4C.Ii1(9q)=

1DEELJ&'; TEK-A9:I1(1e) = T
* 1OLTWPUSTPACIi(111 E
* IEAL-THPUSTEKACI'2

;:EAL-THRUSTER9SCIiII

1DERL-THPU3EFAE'-iIU1)z

I, IDEp.( TH dSTFFEPRSCii1. 1 C'

-- C IDER -TH4STEP-HS(1ki =

94 2 I DEL T4US'-TEF'-ASC I I =

95 2 1UFFITNP'STE_AI 1 1*' =

96 1 I[,ENLTHrnJlSTEK8E<CI 1' 20 L
IPEAL-THP*VSTEF-.j-r r-

2 END 5, T, T

I Mft T P7IErF$D DECAR-P, CiIRECTIC+I PUBLIC:
P DECLARE'HESADP i'3CP 'DNTEP,

PHbF iE$O t-SIt'F' E<VTE. (ND1RE' IO~N E-E.

2 ALL H2F43'CHE $FLFC'FPU

P PHR sa'-. .7 F

L- 2 P.(#FIC F 'jPi r l~

I! 4 FIPRC .i
*, 4 PHP*8E -

4 F'HPF4S E' I'

FNE'

B- 20



-~~~', 'fK5 Pq 7020 PAiiF

jjr -. E . i1

4 FNHPIME 11' -

P HPWIE I

* rHRASE, I

4 EHPqHSk 2u

1-7 4 PHRASE k12'
4 PHFRASE, 15, T

4 END.
-4 ENE~

171 4 * MNl

142: 1 SiOAN(, PRO(EVEI&P 'WHrT 'N[E PIIFL

1471 2 ECLARE WHHO_ iNC BYTE. PORTS LITERALLY 0(10H
j44 OtUTPUT1 iPORTS = WHT) jj' .4k 5iilJ~f COMMAND OUiTFUT THRLI pPII7_6

14'1 OUTFI1T F1 -C CiNTRflL- 1. SETS FRI PORT-C BIT A FO; S OUND CONTROL

146 4 OUTFIT PPjI ilNTPAL, =: EXTPA ONES FOR, 6 MIK-SE: TIMING
[47 2 1 ,TT;T ,PO 1 1->NTROL =I

1 2. OkTFI' ' PI -COCNTROL a P.. R ESET'S PPI PRllT-1 BIT A 4

END "1INND.

S150 1 O NB6 Ei', P !.CE(4PE 'ENA4J'TR. PIT) PUB16LIC
151 2 DECLRE SFI'O4_PTF POINTER. BIT BYTE. BLLOCk, LITERALLY 000H

7* N E '1255 -5 WHEN RESET '-0A ASSERTS THE BUS "OL-ERFI1 E

.1 EFER TA FAIGS 3-16 -17 FORl FF1 FORT-C BIT SET/RESET
1'4 2 fECLReE TEMP BYTE. SEMA4 BASED ;Er1A4JTR BYTE.

§3 2 TEMP =

154 2 IF BIT zI THEN 7EEA

Io' WHILE TFM -

I% I jR HEI l WHILE SEMA4 7. 1. WAIT HERE TO AVIPEPEATEDLY LrCK INGUINLOCA M BUS

1571 4 EN[- P C ,Hr

p 7SNITPI IT PFI 'TJRCL E0t LCA THIS REONEs.PTS A PUIS-L'3C WHEN WE HET C*ITROL 4

iS? EMP =RRML4 't WHEN THIS EECUTES. WE HAVE CONTROL_ OF A L(qEC' BUS .

160 7 TEMP SEHA4 . SAVE CURRPENT ;,!T OF THE SEM64 4

161l ;Ep9A4 11, .SEMR4 IS NOW SET WILL DETERMINE LATER IF WE DID0 IT 4

162 7 CAJTT FIC .NTR~t BFREE 7. IF SEMA4 WERE O)FF-B)i*'(- qyjjD REPLACE THESE *
'LAST F!',E S.TEPS WITH "LO0SET(SqEMAIST9 1'.'

4, B-21



I PL7M-8f ~~COMPILER ['RjiN. iT U. T,(2249 %E

. IF SC'k4 WF_ LPT RNWOTMER MASTER DID IT So MUST WAIT TILL USER RESETS IT

167 7 END 5T SM4

1f4 2 F PIT 0 THEN CLEARJ_'EMA4 ['0.
166 7 OUTPI-'PPIJ.ONTPOL' BUS-LOCK;

1; 7 1 TEMP DUMMY,
162 7 EMA4 0; 8 * AS'UMES PROGRAM NEVER CLEARS SENA4 UNLESS SAME PR% SET IT *

I OUTPUTPICONTRU-L BUS-FREE,;
170 Ii END CLERk.SEMA4,

171 2 RETHRN.

17 2 ENf- ONR(lSE.T.

177 1 P~lET PROCEDURE FUE-LIC.
t74 Do.
1_79 DECLARE PPIAODE LITERALLY '30' /* PORTS A4C OUTPUT B INP'UT *

.4 REF PAGES 2-10 kt 7-15 *7
176 7 DE0lARE SELAG LITERALLY 0 7*RESETS PORT "C" BIT (4*

.. WHIF.H OOTPUT A "1" F~fOm 740m0 SETTINGj THE 'SOUND-FLAG" Tl 874R,4

177OULTPUT-'PPLCrONTP0L) = PPL-MODE? 7* ALL PRI OUTPUTS GO LOW INCLUDING
PORT-C. BIT-S. W4HICH ASSEqRTS- THE MULTI-BUS "OVERRIDE "*f7

172 7 C&TPUT(PPRLCONTROL) = BLS-REE; 7* NEGATES THE MULTI-BUS OVERRD 1(
1319 OUTPIJT(PPL-CONTRO1V' SFLAGp
1~I END
14 2 END PPLSET

I 12 1 TIML-DELAY PROCEDURE 'H0WLONG' PUKICt
183 2 DECLARE -'HOlWLONG TEST-JIORD) WORD;
1894 2 LOOPA DO WHILE MOW-1ONG 0) 0;

1~ TEST-WORD =39K
I~ LOOPB DO WHILE TEST-WORD0 Ct 0,
187 4 TEST-W.-RD TESE-WORD -1,
188 4 END LOORB.
189 - HOW.-LONGi = OWLONG - I.
I'm 1 [Nf) LOOPA
191 2 END TIME-DELAY.

I1922 1 END, DPAGON_,lTILITY

MiXULE INFOPREIIN

(UEA'IA S.IZE = 0475H 1141D'
'C*JSNTANT AREA TIZE 000 PRO Dcc
YAPI4tLE AREA 317ZE =OBOEH 14D
MAIMUMt~ STA4k S;IZE =GIA" 1 -D

0, !.4 ,EclPEAD
0 PrOiRptI ERprOR' 7
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MCS-! k MACRO RSSEMBLEF PPS 8224/89 PAIGE

iSI 1S-lII i CS-86 MWVPbl k SSEMKt EL 2 I RCEM-zfBLY C-f MfCAMJLE PORSB
'AiAECT MAPkE PLACEE' IN P1 CqPA17i 067
A>,FMEAEFP lNYC*Et By A~ftr Fl 1'PAG'4 SP( £CERh (PATE t02/24/09.?

THI, P ;jiGPW STAPTEE, SEPT 5, 1379. PRAD ERR FROM THE PETICON PSB6@20
INTEPv*E(a E£(AP, INTO THE k6/12 MEMORY REFERENCES APE

1 w4,66"S OPERATING INTITN MARCH 9. 1979. EG&G RETICON
-;iLWY~ftE CALIFORNIA

S~ 2 sS-86 ASS7MB1E LANIGUAGE REFERENCE MAA 39608648A.
WNEL (AfPP SANTA CLA CALIFARNIR

S IT PS BE1i C'LEAWEE "P A~ FIT FEB 20le 19I

I;' E ITES AiT Trjf CF RRCU3RRM PEP P 8-1, REF2

I-, £{POLIP riP ('AW. 5T~R1 " SBC..REGS, RS&ZREGS
14 r GQIYP PW JP CODE

15
jtR INM9 EXI 01 . ET UP FOR CAMERA I ONLY SEE P i9. REF 1
17 LINU E(A, 100

*10 13 ENDFR E(A) 9H JMASK FOR THE 2-TO-THE-4TH FIT. P 45. REF 1
19
28 fAcSiW*E 5.5 E'6RA1Y CS CGROUP. DS DORO.UPi ES 3PX

t2 SKE6E SEGMENT COMMON NOTE THAT "COMMON" FILES MUST BE
2: COMMON IN ALL MOOLLES - I E CAN T BE

iow '8AA 24 SE:REO CC 880 OLP ?) '"AT" IN ONE AN "COMMO)N" IN ANTHEF

THEY V'0 NOT. HOUEWRP. WVE TA BE POINTEE,
TO BY THE S441E SEGMENT REGISTER IN BOTH
MOtUES. NOR DW THEY HAE TO
-OF THE SAME LENGTH

'6 29 PARTLYAFF D& A f .k INITIALE2E A

03'470 LOCATIONS DE: 6; ('lP INITIALIZE I

-- -- - PSBYREGS SEGMENT AT AEFWAl BASF Wi{'ESS nP PFTJfAN PAW)I IS iAO
_,i~ 4 PSDTA DO 2NM44 rk

A2815 STATI If I (47 I TH IS FiRM ES NFcE;SRP TO trV,1' LAMi ERRORS

s/HI 'i 76 T2 bF 88H tORC

0/$ 1 7 RESET 06 2 DUP(

B- 22



WS-86 Mt*PO ,i SEMELE; RDRSB 82/24/89 PAGE 2

tOC ibJ LINE SOURCE

@2@E kt ?8 CNFGI5 L. I DUP (?)

020F "1 .9 PROCOM De I ckJP '?)

---- 40 RSBREGS ENDS
41
42 STACK SEGMENT STACK 'STACK'

w4 OW 10 DP 0?)
'

0014 44 STKTOP LABEL WORD
---- 45 STACK ENDS

46
47
48 CODE SEGMENT PUBLIC 'CODE'
49
58 PUBLIC INITI

ow 51 INITI PR NEAR ;INITIALIZATION OF RR5 6828 INTERFACE BOARD
ow R282 p 52 RTINIT MOV RESETAL ;RESET IS A "DtM' REGISTER, ALL IT NEEDS
8083 C69 802 p 53 MV CNFG15, INMSK ,IS THE "MWTC/" PULSE FROM Pi 620
OW88 A20F82 P 54 MOV PPOCOMAL ;PROCOM IS ALSO A 'DUM" REGISTER
em6 C3 55 RET

INITI ENDP
57
5A PUBL IC PDP ST
59 PDPRST PPOC NERP

OWCE 82@02 F 6. LAST MOV Pp", RL -WILL WAIT FOR LAST RK.TER LINE
** ROW2 p 61 WTLP8 MOV RL. STATi FROM HERE TO CHECK IS ST'D NtJCNCY
@812 0*@ 62 A RL, I
0014 7303 3 J)'N WTLP3
OR16 R2MF02 R 64 P.PRO NOy PpfCo., AL
019 A 2 p 65 WTLP3 MOV RL STATI
IC ODEO 66 SHL RL.

%iE 7286 67 J8 CHECK
O82DOE@ 68 St AL,
0022 72F5 69 ri. WTLP2
8024 FBF0 78 JNP PS1R8
826 08830@ p CHECK MOV AL, RSB)TA(31
08292410 72 At ALN FR
092B 74VF 73 . LAST

74
75 HRVING FOUND THE LAST LINE OF THE FRAE, WE WILL TRRNSFER THE RETICON
76 , DATP. LINE-BY-LINE THE THE INTEL 86/12 BOAD. EACH LINE TRANSERED STARTS
77 WITH A "NEW COM? CYCLE" AS PER PAGE 40 OF REFERENCE I "
78

,@0 R,-, 79 MOV BL, LINES ;WILL DECREMENT FROM le8 TO ZERO
oo2F Vo00w R 88 Mny 01, OFFSET D6ROU: SBCREG

81
81, 2tf f2 P 82 N&JMCY MOV PROCOMAL ;AGAIN, PROC3 IS A DUMMY
03, A88882 P 83 WTLPI NV L. STAll
0038 DeEO 84 SI Al i
0038 73 85 JNB WTLP

B-23
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MCS-8 RI O RSS58"E RORSB 92124/89 PF0G 3

LOC 083J LINE SOURCE

NK3 WI2G0 R A6 PSPR: NOV PR"CO, AL
003F 86662 p 87 WTLP N OV ALI STATI
8642 WOE 88 91. ALA
0644 7206 89 iB OTLY
0046 06(8 90 9t ALIA
OW 72F5 91 TB NTLP
004A EBFOt 92 WM PSPR

93
94 ;NOW TRANSFER A SINGLE LINE OF RETICPIN RSB 6M2 DOTA TO THE INTEL 86 BM.~
95

%84C A888 96 OTLP NOV RLRSBDTR .TRFWSITlOtS IN THE LINE
W64 32E4 97 XOR AH. AH

8691 48 98 INC AX ;NUMBEROF WORDS TO *ER
W2DE 99 AH Axi I X2 NUMEROF BYTES TO ER

%54 88C8 166 NOV CYX.RX
9856 P~EOW6 p 18£ NOV Sb OFFSET DGROUP:RSWTA
869 F-- 102 REP MOVS BYTE PTR SBCREG EDII BYTE PIP RBOTR [5I)

W65 FELPE £63 DEC B1
an5 '50k3 104 JNZ MCY

185

112

RSSEMBLY COIMtETE, NO ERRORS FOUND

B-24
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,-i86/8067/80!- MACRO FISSEMBLER MATROX 04/17/89 PAGE

SERIES-11 I I i 0 87~/8M8 MACRO ASSEMBLEP V1 0 ASSEMBLY OF MODULE MATROX
OBJECT MODULE PLACED' IN iF2:MATROX.06?
INVOCATION LINE CONTROLS: DEBUG

LC08J LINE SOURCE

1 NAME MATROX

3 CGROiLF GROUP CODE
4
5 DRTA..GROUP GROUP DGROUP, DATkSEG,GRESEG
E. ASSUME CS.CGRCOUPv DS.DRR.GROUP
7 PUBLIC BACUGROUND, MATROX.START-JJPSTART.E IT, X.Y, 06TR-RE.Y EROR
8 PUBLIC XCNLVCNT, B.MISS, FIRE-BIRDflRI.JSTER-FIRE
9 EXTRN MIIE-SET NEAR, GAGGT.FOV:NEFAR, WILPH EA

18 EiT1(N GRAPH-.GAE-'O TNT: tEfJWGRAH-HEP NEAR
If EXTRN SMOKE-CHECK( NEAR
12 EXTRN GRAPHI, NEAR
13 EXTRN S1E-STFIRT-UP NEAR
14 EXTRN GARESTFIRT-UP NEAR
15 EXTRN COUif NEAR
16 EXTRN CIN:NEAIR
17 EXTRN HITL.E)ROSION:NERR OGON ..EXPLOS ION NEAR
18 EXTRN TFN.-iNIT NEAR, TAW-KILLED: NEAR
19 EXTRN USARTET-JPJORJADMtAR
28 EXTRN DELAY-3:NEAR , 168M DELAY FOR CLEAING RETROWfPHICS SCREEN
21
22 DGRO(F SEGMEN Pt&TC 'DATA'
23 DGROUP ENDS
24
25 DATR.SEG SEGMENT PUBLIC
26 EXTRN HLREP..FLRG:BYTE, V.REPJLAG:BYTE

---- 27 DATA-SEG DO

21 'A-SEG SEG"N PUBLIC
3@ E/Tht4 ELAPSED-TIME WORD
3 1 GAL-SEG ED
32

S 33
t*424 'T(E G EGU 144
Al 35 YREG EQU i6H

0010 36 GSCOLE EQU ION
0012 37 SCROLL EWJ 12H
0012 38 FLAIGS ES.JI Nj~
8014 39 ERASE EQU 14H

Q0
--- 41 DATPLSEG SEGINT PUBLIC

42
'$0143 YCHT 06 I EAP()

owl (1 44 YCNT 0e6 iDUP()

W82 (1 45 XCN-OLI> D8 I DU1P(?)
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8e86.'8W~7/8888 ?WRO R6SMeER MATROX 
01A FG

UK~ OBJ LINE SOUCE

I~0 146 YvCN-&D D8 i DUP(')

*634 '1 47 XCNLfrw 08 1 DUPQ)

em0 d1 48 WNT-WE DR ± Md(?)

806 149 GSmuEft D8 1 DURQ)

0*7 (d 50 GSCALE..NtM OB 1 P?

ook 1 51 THjSTE-FIR D6 1 DUP(M'

)

8009 (1 52 sIz DW 1. 0URC')

ot 151- XMIN ON iI DF(?)

amO,l 54 'Y1K N W I DUPM'

WK6 1 55 YMIX ON I D.FC'

Qi11(1 56 MNA ON i OU)

57i 1P-M 5W i O DUR(?)

8015 (1 58 XI!N..TW ON 1. DLP(?)

80V (1 59 T9J0 ON i D&F(?)

8019 (1 68 ONE-THIRD ON I DUP(?)

901B ki 61 TWO-THIRDS DN i. DwJ(?)

81 U62 THREE 08 1 0UFC')

801E (1 63 COR4T-EM 08 £ OU(?)
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8WW7,888 MACRO ASSEMBLER riATROX 04/i7M'8 PFIG 3

L'A. (k LINE SOURE

'164 BACRWU( DB I 0IPQ?)

~s~ 165 6SCPE-SPNE DB i 0LF(?)

ae 166 COI.RIT 08 1DUPO()

%822 1 67 BLIW-COUIN7 DB . "(?PC)

82A68 REPLAY' 08 I DUP(?)

0624 k1 69 ERROR 08 I DUPV')

8(0 7 EM-MSG.5LF4 06 I OOP(')

171 GtdD.IRD-YLRG D8 i DIFC')

;J 7 72 HIT..FAG) 08 1 0UPCO)

002A 73 &STRSTOFLA DB a DUP(?)

W62 1 74 RETW L 08 1 DtIPO)

88&F d1 78 ZRNGSCALED Did i DU(?)

0031 '179 YANG2.010 01 1 UFOPC)

8033 1 88 N%2-0LD DWd I DuRC')

0035 (1 81 VANGLSRV OW i DIPO)

li-182 ZAj2LS*VE DW I D(')
c-3
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~86i'/88MACRO ASSEMILR MATROX 84/17/89 PAGE 4

fi 061 LINE SLIM~

0 09 Q 83 YAW42 DON iOP(?))

84 ZRNG2 DW i DUP(?)

a3f l 85 FLAG D8 I DUP(?

OEe £i 8E. POP-LEVEL DB8 1DUP(?

003F -1 87" BORE-.SIGHT D8 i DLIP(?

3&4 188 STAPLTUP-BYTE DS I "(P?)

89
90 DATA-SEG ENDS
91
92

--- 93 XFER-SEG SEGWN AT 06Wi
88{' i. q4 STARTBIT tiB ± DUPC))

wol 1 95 X-Y D 1DJP(?)

aw- 1 96 DATMAY 08 i DU()

;"0l4 (197 BAD-MISS 08 1 P(7)

S198 OFFSET-X 08 I DIP()

S199 OFFSET-Y D8 I DP(?)

0007 '9 188 DVN1' 08 9 DLW(?)

18± Ule YANG DW jDUt(

02,182 ZANG DN i DUP(?

114 M18 BIRDJDTA..R0V 08 I 0P(?)

C-4
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*86t't80e 7'088 MACRO ASSEMLER MATROX 00/7/99 PAGE 5

IS 083 LINE SOURE

01'1184 FIRE-BIRD DO 1 OLP(?)

'105 BIRD-HIT DO ± DIJP(?)

0017 '1 106 BIRD-MISSES DO I D4JP(?)

1187 HSREPREO DO I OUP(?)

0819 U1 188 IREP.GO DO I DUP(')

80±A (1 1@9 VREPSREO DO I DUPC?)

*18 k1 Ile YSREP.GO DO I DUN"?)

w IIli 6RND&8IRD DO iDIPV')

MID tI 1±2 EN(LOF-SPY DO I DUN"?)

88f '1 1 HIT-SHORT DO I OliN")

BWIF 11 1±4 D(JMMYLALSO 08 1 DIJP(?)
7?

882 '16 1.M HJIISSASCII 06 ±6 0lP("'

W30 -"16 116 YIS-ASCII 08 16 DUPQ?)

8040 (16 Wi D1SSRO-TGT DO 16 DUPO)'

0050 ' 24 118 ACTIA..TfRUST DO 24 DUP0)

OW6 '24 11 IDELTHRST DO 24 OliN")

128 XFER..SEG ENDS
121

--- 122 STACICSEG SEGS4T STACK 'STACK'

f W *O 64 123 OW 64D01JP(?)

4 ' 680124 S1TOW LABEL WORD

* C-5



B418/887/88 NAWRi Ao;EMBLER ??ATROX 04/17/09 PAGE 6

Ll 81 LINE SOURE

125 STACK-SEG ENDS

17 CODE SEGMENT PUBLIC .CODE'
12s

i300~ 4 1524F554E4420 129 MSSAGE 08 'GROUND IMPACT', 350
494050414754

OAKE I30 F1N-.OF-MESSfOE LFBEL WOR
131

004E 4D49535:494C45 13" MSSAGE2 06 'MISSILE POSITION EXCEEDED GRAPH BOR(S'.35O
205W453"495449
4F4E28045584345
49444544204752
41504820424F55
4E4453

173 FIN- J-ES58GE2 LABEL WORD
134

aO-5 544 5255535445 135 t1ESSGE3 08 'THRUSTERS:

%4 2 13 END-%F-ESSAGjE3 06 WOR
1.37

oI c*6 DRIVER NOV RXXFER.SEG
W~44 FN N-; OV ES AX
;jP46 B8---- R. 140 NOV AX. STACK-SEG
AP49 %VA8 141 NOV SSI AX
*Q B asee R 142 NOV AX OFFSET SU1TOP
04F W8e 143 NOV SPIAX
a858 6,8-- R 144 NOV FO(, DATA-GROP
@K-r Ebl :145 NOV Ds, AX
055 26C6800"oe 146 NOV ESSTRT.IT. 8

005e A3Ee688 p 147 CMP STARTAPBYTE, i
XS8 '14k 148 JE NOT$1WR.TLIR
006-l 2*6606560 149 NOV ESOffFSEL.X, 8
8068 26C6066W%0 158 NOV ES: OFSET-Y, 0
*d6E C 6864888 R 151 NOT-START.UP NOV STFWZT-UP.JVE, I
807k- C68E23ow8 R 152 NOV REPLAY, 8
80Th. C 7K882 8 R 2153 NOV TWO,2

0E CW82880 R 154 NOV DIST-JRO3GT-JLRG,8
0883 C686260M8 P 155 NOV W-BIRDFLKG 8
0088 C606278W0 P 1i6 NOV NITYLFG~ 8

W- ) A6W R. 15? NoV RE53.LTS-FLRG, 8
;)0-4 C>86'F8W8 R 15P NOV BORE-SIT, 8
* ' 7 C6824888 R 159 NOV ERROR, S
o0L. '- 6625OW8 R 168 NOV ERRORASGJLGo 8
001r (* ?_ 0900 R 161 NOV GRNDBIRD-.FLAG, 0

80 ~i''88e p 162 NOY HITrYLAG, 8
O I80 R 163 NOV DIST-FRO-3GTYLAG~ 8

*08 E4"88 E 164 CALL USATST-P1ORA)fW
0%83 0moo8 E 165 CAL.L USRT-ETU.FOR..Aqj
ow8 E8to80 E 166 CALL SNKSAR-P
1*9 E88'3o F 16? CALL GESIART-Lt i INITIALIZES THE GRE PROGA
W.8 E& %1 168 CALL M XSTAT.UP ; CLEARS MATRO SCREEN

OOOE BAVRO3 16Q NOV Dx, ODO
%8C2 8810 170 NOV FIL350

C-6 (



8069t6.'08 MACC ASSEMIBLER PSTROX 04/17/89 PAGE 7

LCI0 LY6 LINE SOUCE

WA'. £8080 E 171 CALL COOT
E*1 I7 NOV ALSIO

aofC" E8888W E 172 CAL COOT
ki~tC E8V0 E 174 CALL &ELAV..3 ; DELAY 168t S
8*F W8& 195 NOV AL1 150
e801 £88888 E 176 CALL COOT
8W4 W81 V7 NOV AL MO8
800 E8808 E 178 CALL COOT
W8-9 B8IA 179 NOV AL, 320 ;CLEAR AM1-3 SCREEN
0M6 E80880 E 188 CALL COOT
880E E8000 E 181 CALL T*J,-NIT ;ALLOWS INST. TO SELECT FROM MENU
0*1 88008% 182 NOV A.X1 FERScEG ;THIS S THE NEXT INST. FIRE A CLUGE

183 .;TO ORD THE ES IF NECESSARV'"
@@E4 bECd 184 NOV E5 AX
OOEb 601P 185 NOV A, 320
0Ek 8i0P' 186 NOV OX1 808H

WOEB E8888 E 187 CALL COOT ;CLEAR 00113 SCREEN
WOE EBSOGO E 188 CALL GRAPHI JDPAWS RWV CLEARS ENVELOPES ON 0011-3 SCREEN

dOWi 26C68688888 189 NOV ES:.STARLTBIT,1
OW 7 E86%87 190 WAY-UFJIERE: CALL CHECKSFOR..B .BORES IGHT CHECK
0(f8 88FC01 191 ClIP AHt1
WD0 7911 192 MNE DO..IT..OVER

08FF 3C82 193 clip AL,882 ;CTRL-8 ??
8±01 75K- 194 MNE DOAIT-MVE
8983 BKfiBS 195 NOV DX1 8H
8186 80424 196 NOV AL ±82 .OUTPUT A 'B' TO Mit-3
0108 E8088 E 197 CALL COOT
010B C6862F8881 P 198 NOV BORE-SIGHT. 1
A110 26883E03888 199 00 ITLOVER. ClIP ES:DATASREADY~i i;DATASREADY?
0ilt 7520 200 MNE CWJ-OL-RPV
0118 883E1F8001 R 20± ClIP BORL-SICMT. ±
otib 7588 202 MNE BEYOND
611F E84507 2827 CALL CALIBRATE ;CALIBRATE FROM FIRST DATA POINTS
0122 C6063F888 P 284 NOV BORL-SIGIT, 8
i@127 2680sLE84088 285 BEYOND CMP ES:800J11551 1 BADLNISS???
812D 7506 286 MNE DO-IT
8±2?F E8"80 E 287 CALL GA&-GTSFOV
8132 E946031 288 imp? OVER2 ;DO NOT GET NEW DATA IF BAD..NlSS
8135 E9FF0O 289 DOT. imp DO-ILLONG

21
k-128 2688E1A881 211 CWS-OR.RPV OfP ES:YVSEPSEQ.
, ' E 7423 2'12 YE VYkSP- T
0140 26883E188801 213 OfP ES:HSREPYREO.
f±46 74E 214 JE HSREPSHORT
814e 26802E1E01 215 ClIP ES:HIT-SORT, I
M1E 7436 216 JE DISTSROM..TGT

8150 26882ED800 217 Of ES.ENDC0F-3PV
0156 744k 218 3E ERROLMSG-CW
8156 2663E17881 219 OfP ES-BIRELNISSES1 i
81E 741C 228 JE TESTI
0168 EB8790 221 Sip BACK
016: E9Ef 80 222 YEP-9HOT imp YARP
0O6t, 98888 222, HAKEPSHOT 3*P H-RP

224
01 21&8@3E1&WIOI4@ 225, BACK, CMP ES BIRD..HITi1
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W:6 ARO RSSEMBLER. MTROX 04417/09 PAIGE 8

Lu.T~6 LINE SOURCE

4 74"j 226 IE PRNLMIT
-1Y1 2& e oC00 227 CIP ES GP.-BIPD' .

Oi7-, 74- 228 AE PRNL-GNDBR)
819 P& ~229 IMP WRYAP-HRE

230
;41~ EC80 23 1 TESTi. CMP ES 3jRN(D.BIRD,i WA~IT FOR END~ OF FLIGHT BEFORE
olK8 740b 232 XE PRINT-RESLT jPRINTING MSSAGES
184 EBE3 233 AMP BficlK

234
0186 ESFEov 235 DIST-FROM-TGT. CALL MATROX-START-UP
89 £8880 E 236 CALL GROUND-EXPLOSION

0IAC E%8704 237 IMP DIST-FROJTGT
0 16F E3FSOO 239 PRINI-RES.T CALL MATROX.STR-U
8x32 E3 E 27-9 CALL GROIMXEXPLOSION
0195 E9,'88,4 24b IMP PRIN4LRESJCTS
0198 EK(;ik 241 PRNT-HIT CRLL NATR0O...STAR-dp
&i98 Eb0*i0 E 242 CALL HIT-EXPLOSIC*I
ar19E E30808 E 243 CALL TllKYILLEP
kiAI E95485 244 imp PRINT-HIT

245
R1~t280 246 ERPPMCH[ CMP DIST-FRfOTGTFLAG~ i

o0PQ 7506 247 XE SKIP
KREF C'861E880 248 KOv ES HIT-SHORTAi
ol~ 2001 2.49 SKI P CMP GRDBIRD-FL. I
8166 7W.6 25@ JNE SKI(P2
016- 6 ~61C * 1 251 NOV ES GPNDBIRE[ I
KBE£ *E270W1 R 252 SKIP2 CMP HIT-LFG i
-Aic: '59W 253 JNE SKIP3

254 NV ES BIRE)JdT1l
25L 'i201 P i5 9"1 P' CMP RESLY-JEFLKI -1

AL~ A' 2t3 IE SYIP4
8L~2'~I68i7*l 2 NO ES BIRD-MISSES.1

kC t240 k 25 5 SI P4 CMP ERPOPil
25 £ ERR0P-MESrGLONG

KL, zJkf)@W0 260 NV ES ENDOF3PVA
IE5 ('6%oww00 E 261 MNV HAUP.LA 0

Alt-h E9 3'FF 262 imp DO-IT-OVER
.E? E91.* 2063 EPROR-MES&-L0N( JtNP ERROR MESG

264
AIF0 E9CN6 265 PPNT-GRNDBKt Imp PRINT-GRND-BIRD

266
- lew'I P 267 H-YEP NOV REPt.AY~

2 < i 6&1*Jok 268 ESKREP-REQA
EAFE E~ it .69 CALL GRAPWJHREP

* e8l EAO E 2780 CALL Wt-START
0284 E8qPA 271 CALL *M-OSTflT-AW
6 207 F(4600 E 272 NOV H-REP-FLA6G i

;12k 8I 1.9K001 273 NOV ES H-3EP-GO~
kj~e 9F~E274 IMP OOALOYR

275
,Y) ~ RU0. P 276 V-YEP NOV REPLA~
k 1H Z06061"W"8 277 mOV ES.V-REPARQ, 8

422 E~80 E 278 CALL GRAWiLVRP
O ) £880 E 279 CALL GFESTART.JJP
0226 E85068 288 CALL MATROXSTAPT-UP THIS MIGHT BE "iTROX-CW4CaL'

C-8



j~-:47 l'> iAC'RI ASSENLER MRATPOX 04/17/09 W~ 9

LA tli, LINE SslURCE

&2 C. .Ph~1~1 E 281 NOV VSREPFL36il
0:2f26 &'Ac5l&od± )RQ NV ES:V-RP-GO. I
dc-4 Ei[FE 283 !NP DO-ITOVEP

284
o--' 00808 p 285) DO-ATLLNG o NOV ALXNT
02sH P202@6 R 2n6 NiOV XCNT-OLD, R.
& 100 Pto 287 NOV ALVONT
a+'40 ri2306 R 288 NOV VYtITJJOLL
i4247 01>08 P 289 NOV AX, VANG21
'46 033l88 P 290 NOV VANG2-)LD, AX
& 49 HilE08 p 291 NOV AXtZANG2
024C ri-3300 P 2921 NOV 2ANG2..OLD, AX
0-L4F 26f1601%'k N?- OV DX, ES:X-iY THIS INST GETS )(NTRJ YCNTR IN ONE GULP,

@2%p %1@'3 94 NOV .XCNT, DL
0.5 -:836010 P 295 NOV VUNTOND
@25L- 26R486 2%kl NOV AX ES YANG

826; 260112 298 NOV AX ES ZANG
,- ,7 A33&40 R 299 NOV ZANGZX

8i2c$4 26C6 il7 0000 380 NOV ES:DATA-YEADY, 8
a-421 688,3E'4081 381 CNP ES BF0- N1S I
0276 7403, 382 JE OMER2

e322. E8@q000 E 3831 CALL GRAPH-GAL.POINT tPLOTS D'OTS ON PON-
k. I'E E8400 304 OIVER2 CALL ST3ART jPLOTS ROCKET AND SMOKE ON MPTROX.
0~2'El 2&66040M8 385 NOV ES: BAD-MI SS, 0
8284 E989FE 386 lIP COAITJNEP

387
028? C6&r 878889 P 388 NATROX-STRT.AF NOV GSCALE-N.', 89!
828C 800700 P 309 NOV AL. GScALEJ&II
a8F 02868 P 318 NOV GSOALLYAL AL
8292 :706509W8 P 31l NOV 5 1 80
8298 C6863E888 R 312 NOV POk-LEVEL 10D
82-3) £60610068 P h- NOV THP.EE,3D

02 £68630008 p 304 NOV FLAG.
8207 C6861F8086 p 315 NOV BACKGROUND, 8
02 KC£68621888 P 316 Nov COUNT, 8
8281 C606iE868 P 31MOV COUNMLEN 8
Q586 BOA" 318 NOV ALI@
0288 E612 319 OUT SCROLL, AL
82BA AOIF8O P 3S28 NOV ALBACKGROUND)
02BD) E618 321 OUT GSCLE, AL
828F E414 322 IN AL, ERASE
82C1 E412 323 bflhli IN RLFLAGS
e2cs 24$O1 324 AND ALl
@-,15 74F0 325 12 WAIT

'37( £2.26 RET
327

02%P E9540i 328 STILL-9SNOKE-SHORT imp STILLSIO
O.'CE ;.3E23'301 P 32 START CNP REPLAVM
02D0 746 738 JE F1VLOF-MRT
'32l2 813E888F88 E hi (MP ELASEDJTIff 24*[
8a8k 70503 332 mAi FIN-OVJMAT
020 E80098 333 twi rn
M'-OD E9C601 34 FINXJIFMRT W F Ijf _T~it
-1,EP ;*PM0 i3 A I'"t ~



r AU-VIU7 461 AVRY PHUJECTNMANAGEHFOR TRAINING DEVICESISORLANDOUFL F/A 19/5
SIRULAILO TANK ANTI-RROR GUNNER Y SYSTEM STAGSNO)1A.(SALVSA, OL

UNCLASSIFIED PM VA UL -R E- U 1 NL21ffffffffffff



0 F:7

A,

1.0

1 3

11111.25 1.4



887/fl88691 MACRO ASSEMBLER MfflOX 84/17/e9 PIE 18

LCC 083 LINE SOURCE .

62E5 A28686 P 336 NOV GSC&LE..VAU Ft
82E6 E8&eoW E 337 CALL SIO(LCECK
82E9 88C81 338 CF SLI i'
82EC 751" 339 JNE STILLSNOKE.SORT
O2EE RI* 348 NOV Y AX2I162
02FI A3s500 R -341 NOV VYW2..AW1 AX
42F4 A13886 R 342 NOV K AXZANG2
0267 A33700 R 343 NOV ZftIG25AYE, AX
02FA FA86 P 344 NOV ft. 8SCOtESYRt
82FD A22868 P 345 NOV GSCLSAVE AL
838e C6"660 R 346 NOV OSCLYtL S

347
8385 A888 p 348 NOV ALIXCNT
8388 R2848 P 349 NOV XCNL.SAVL FtL

8~8A8288 P 35e NOV AL1 XCNL.OLD
@3@E R2888 P 351 NOV XO4TAL

352
8311 Reel@@ P 353s NOV f, VCNT
8314 A2858 P 354 NOV VCNL.SAVLR.A
8317 A88386 P 355 NOV t VCNTSOLD
M3A A206 R 356 NOV VUNTIAL

357
831D 012888 p 358 NOV AX1 Zftd
0320 R3370@ p 359 NOV ZANG2..SAVE 1 AX
0 ? .- A1S336 P 368 NOV RAX. 1W2..OU)
01t. A33888 P 361 MNV ZANG2J AX

362
0329 RC-I98e R 363 NOV AX, YAW4G
0>2 033588 p 364 NOV VWG2..SAVEA X
@-)2F A13100 R 365 NOV AX, YV*402JD
83:<2 A3390 P 366 NOV VANG2, AX

367
@335 EB6FSI 368 CALL (ETSRR
8338 WINN8 P 369 NOV ALIGSCWLE..SAVE
@338 A2%68 P. 378 No GSC&i-LI f L

371
83SF W848 372 NOV AL XCNT-SAVE ;THESE NEXT 4 INST. RESTORE XCNT, VCNT

8341 A28W8 P 373 NOV XCNT.A AF ;TER AN ERASE CYCLE.
8344 AR58 374 NOV AL1 YCNT.SAVE
8347 A2i618 R 375 Nav YCNT. Ft

376
034AR0A1580 P 377 NOV AXt YANG2.SAV 1 PESE NEXT 4 INST RESTORE Yft62, Z010
8:40 833908 P 378 NOV YANGim AX ; ATER AN ERAS CYCLE.

* 358 A13?8 P 379 NOV AX, ZFH2RVE
*0353 R33888 P 388 NOV ZANG2,AX

0356 E88388 381 CALL SSAIDGSCM.LSET
14559 E98E88 382 319 SIZ-ASSET2

835C RAW E 384 S..PSPC.GSCKLLSET: NOV AW. EI*SEDSINE
035F 3VA8 385 C09 p5W6 ; MAISSE
8362 7513 386 RE WAITS 1STFIRT THE SIZPOPMS OSCILE SETTING ROUTINE

P6 7A9M 387 NOV SILSOD
036A C68687888 R 388 NOV GSMAL"ANLD
036F C6863E888 R 389 NOV POP.LEWL, 8D p
a 4 EDAM8 390 319 SIZUS.SET
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8086Udr!7888 MACRO ASSELER MATROX 04/17/09 PAGE i

iLOO'B. LINE SOURC

i377 3DF40? 391 NAITO ClIP ,1012D WAS 108
037p 7513 392 *1E hfIT2
037£ C068900700 R 393 NOV SI1)
)382 £606070007 R 394 NOV OSCALEJ&NI 7D

8387 C6@63E8097 R 395 NOV POP..LEYEL7
em':b E088% 396 IMP SIZIS-SET
03SF 30EE05 397 WRIT2- ClIP 15180 iWR 1588
692 7513 398 MTE W41T3

@39 C760@Wo R 99MNOV Z 516D
03%f £680086 R 409 NOV GSCLEJINM, 6D
039F C6863EO08 R 481 NOV POP..LEVELJ 6
0384 E87398 402 319 SIZAS.SET
03R7 300207 483 WAIT3 DIP 2W8D ; WAS 2888
03AA 7513 404 MNE WRIT4
83RC £70600058 R 405 NOV 51150D
8:82 £60089 R 406 NOV GSC&LEJAt 5D
8387 C6063E08% P 487 NOV POP..LEVEL,6
838£ E8M899 488 319 SILIS-SET
03BF 30(688 489 bPIT4: CIP '30140 ; WAS 388
KX2 7513 418 DdE WRIT7
03C4 £7060900040 R 411 NOV 5I14
03CR £68687003 P 412 NOV GSCtEJAN, 3D)
O3CF C6063E889 R 413 NOV POP.LEVEL 6
03D4 E84390 414 319 SIZ-S5-SET
030 3D9813 415 WAlT7: CP ,5@i6D
0308 7513 416 JNE WAIT5

03E2 £6067088 R 418 NOV OSCALEJIJI 2
83E7 0683E8604 R 419 NOV POP..LEVE1.I4
8T£ E82898 420 319 SIZ.IS-ST
0;EF 3D6R16 421 WIT5: CF I78MO0
03F2 75±0 422 JNE WIT58
03F4 £70609600480 R 423 NOV 511 4D
R3FA C68607008WK P 424 NOV OSCALE~AIK I
63FF C6063E088 R 425 NOV POPJEIYE,
8484 303C2 426 NRZT58O £19 1982
W48 7518 42? JNE SIZJS.SET

MW* C6M670881 R 429 NOV OSCRLE..PRM i
044 C66388 P 438 NOV POP-UAVL 2 ; his ENDS THE SIZ SETTING ROUTINE.
049 £ 3 431 SIZ-1.-SET: RET

432
041A £60621080 P 433 SIZIS-SET2: NOV COUNT3 8

434
841 E412 435 STILL-9NOKE: IN AL FLAGS ; CHECK TO SEE IF MATRO( IS STILL BSY
0421 X91 436 19 AL, i ; 1-dOT 8OSY, 84-U5Y
0423 748( 437 JE GON2 JPIF MATROX IS NOTBIW
845 2660300 438 NOV AL ES DATASEADV MRTROX IS BIJSY=-X*ECK FOR DATA REWt
8429 3C01 439 CFP A11L
8428 75F2 448 DdE STILLSNOK
042D Q 441 RET ; IFODATA IS READYWEBAIL OUT NORET
02E EBIB9O 442 DRSLIEL94ORT 319 DRAOCT
8431 80121000 R 443 GO.W2 CF COIdT, 6
0436 7*6 444 JE DmALOCT-SOT ;DA NEW OCTAGON
0438 E82±FF 445 CALL SSPAC..GSCALESr ; SETS 511 POP OWRING SMOKE GEN

- w1



80-36,8W87/80%8 MACRO ASSEMULER MATROX 04/47/99 PAGE 1V

LOG 081 INE SOURCE

0438 E800%O E 446 SIZ-lS-SET3: CALL SNOK&-SET
@43E A91F88 P 447 NOV ALI OACKGROIJI
8441 E61a 448 OUT GSC~tALA
8443 E414 449 IN t ,ER ; ERASE SCREEN
8445 C68621880 P 45e NOV COUNTS
844ALC3 451 RET

452
N44 883E218888 P 453 DRAW-OCT. CI'P COUNTJA 8;ARE WE DRAWINGORC ERASING' WMUT=-0=DRffl

8585 454 MNE BY-PAS
8452 883E068i80 P 455 DIP TIUSTERSFIREDI ;AND) IS lTREA RTER FIRE'??
0457 7508 456 JNE CHKCCOUNL-EN
0459 %61IE883 P 457 NOV COUTIIEN, 3
845E EOB% 458 JMP DOJI-ERE
846 83E1E088 R 459 CWCOIJNTNM CDIP COLRILEN, B
0463 7419 460 JE BYAS
84t,8 CEOGOSOOO R 461 DOITJiERE: Nov 11RUSTERSFIREJ 0 s ZERO THIS FI.AO . AS WE FIWE SEEN IT-
0460 FEOElE@O R 462 DEC COUfiLEN
0471 $808 P 463 NOV tL GSCALVRt.
0474 02063EII8 P 4614 fDD tI POP..LEVEL ;IF THERE IS THEN INC OSCALEI'AL BYi P.-L
8478 TzC8F 465 CPP tL 15D I HOWEVER, OSCALLYVAL CANNOT BE EATER THAN 150
047A 76&2 466 JOE OK
047C BOO 467 NOV RI,150 ;IF GREATER THAN 15 THEN 10WCR TO 15
847E A2868 R 468 OK: NOV GSCLE..A A

043! $00R 469 BV,.PAS: NOV AL. GSCALVAYL
8484 39861F88 P 478 ClIP BACKROUND f
8488 7206 471 38 THERE
848$ C606210001 R 472 NOV COUNT, I
048F C3 4r- RET ;NO NEED TO DRAW OCTAOIF SMOKE WIL HIDE IT

474
0498 2"81480 475 THERE: NOV RI.ES:BIRO-DTAA)VY
8494 3C81 476 CP $1.1
0496 ?5F8 477 MNE lTRE
8498 26C,60614888 478 NOV ES:BIRD..DTA..ROV. 8
049E E80600 479Q CALL OCLODRSI
N 49 (686218881 R 488 NOV COWLT I
04A6 C3 481 FUL-OF.MATROX: RET I

482
483

* A 84 3-1390800 R 484 OCTJ)RRN: CNP VARG2.0 9
w41 7589 485 MNE NEXT
W4 C 786200088 R 486 NOV VftAtSC&ED. 8

8484 EB8C9$d 48? imp PETI
P467 $13980 R 488 NEXT: NOV A. Y0162
048fi99 489 W
84P8 F73E28%i R 498 IDlY TWO
848F $32000 R 491 NOV YANO-SCALED, AX
84C 833038088 p 492 NEXTI: CPU ZANG2.a
04f(- 7509 493 MNE tEXT2

* 4(9 L7062808 R 494 NOV Zf4G-SCILED.8
84CF EWK98 495 imp "DXT
W42 $13888 p 49% NEXT2: NOV fXt Zft10

045 99 497 CWD
8406 F73E28 p 498 lDlV TWO

* 400 $36886 R 499 NOV ZAG.SCALED. AX
840 $18988 R 588 NEXT3 NOV AXSIZ ;ThIS STARTS THE OCTAGON DRAWI ROUJTIE!!
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84/17/89 P 1.

8886808/888 WACR ASSEMBLER tiATROX

WCC 083 LINE SOIJCE

34EO DIES 581. SR AX i

W4E7 Bx 98 502 MIN 0X~ 1270 iT, W5S XCUT

W45 03162M0 R 583 ADo OX.. VVW.5CALEE

14E9 897F80 594 mov CX 1.27 ,TH1 WAS YCNT

i34EC 30e2FB@ R 5w D CyZ LUM MLE

04FO 2B08 586 SW~ DX. AX

0F2 2K8 58 93 m .R

04F4 8qjEoBWl R 588 may XMN, ox

W48 890(000 R 589 NOV YIIINCX

04FC H109%8 R 5Us NOV oix. S1Z

04FF 3C 2 51.1 AO WXDX

01 R~36F'3 R 51.2 MN MO R'X

054fd90 R 513 NOV FIX, SIZ

058 03CI 514 ADD AX.. CX

~~585 MY319 YNl 55 V AX

050C Rio%@8 R 516 DOv THXREEI
W0f F6361DOO R 517 C1V mlA

0513 OOftO 5W. C)P GO-ON
8516 7602 519 JNC EfJL

518FECO 529 NC E

OSI% WAR 2. 8~t Noy BL, EL

051C 32E4 fm2 mO "I
05IE 930600 R 523 mo0 AX.. VWIR

0522 A31.980 R 524 MYOV 8JLhRA
8525 WA3 525 tiO' ft..8
8527 068 526 XOR RH lH.
8529 32E4 527 XOm f. YM4
0152B 03V6909 R 528 TWO-X.. VWIN
052F A318g8 R 529 NOV N.hRS.A

853 Ri98P 53A FIRST .JHIRO: MOV a. WTHIRD

535 2900 531 SM AXCX

8537 H311700 R 532 NV TPD.A

853A 639688 R 533 ADD ftl XM0IN

053E R31W0 R 534 NoV XOIN-ThP, ;XSETS )MIN

0541 RAF8 R 5"5 NOV AX..m~

8544 2926179 R 536 SUB WX. TMP-M
0548~~Mo *M-0R 3 OV )~ .TP, X ;SETS )OM
054 8V08 R 37Cp FLAG, i1

@W4 803E3008i R 538
6558 740 539 JE OveR..THIS

8552 S33E~985 R 540 CRE OYER-TH5
0557 7506 541 JE OE.TJ

8591542 INC CX
8559 4106[80 543 NOy FLAD. 1.

5F E8660 544 OVR-TSIS CELL Lt

0%4'241 545 INC CX

k563 380E1900 p 5w CR CX.. (WLTHIRr)

ir-67 7EC9 547y1 FIRSLhIA

C66 fl908 P 549 SECWDTH1RI) My AX, MOIN

~i7iA358 P 558 NOV X)GlULRP, A

A574 RAW~ p 551 NOV X,)GIA

* 0577 A31 R 552 CNOV IN
057A E84808 553 OYERlCEL :t

85n 41 554 INC CX

051.7 386E188 R 5515 cmp CX.. IIOTHI)S
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04/17/99 PAGE 14

806/887/888 MACRO $SSEMBLER MATROX

LOC OBi LINE SOURE

OW8 7EF6 556 JXE OVER

0584 AiiBOO R 557 LAIST-THIRV NOV AX, TH1RD5

W-$ 78909 558 m t

8589 2808 559 SUB KXAX

ow588C80 568 NW W ~B%

@5%D $3178 p 561 NoV T*WDnAX

0990 8386808 R 562 ADD AXAMIN

B5 4 $31588 R 561 NOV XMI IX

859?1 $1*0F P 564 NOV AX, )QRX

859$ 2B@61700 p 565 SUB WX TJEM

g~cwE H3q388 p 566 myV XMA)Lp, AX

ii5fii 88t0888iM P 567 ClIP FLAG i

@W-6 7418 568 JE lWEt.ThIS-2

OW0 833E998W8 R 569 ClIP 51Z14

85Kf 7509 57e INE OVEL-ThIS-2

85F EF8E~I10 p 571 DEC 'Af

8583 CC863L'800 F 572 No FLAG, i

OW8 E~f'8@ 573 OVEP-THIS-2: CALL LINE

41574 lYEC cx

@I,, @IEC2 576 JLE LISThIRD

1180 ~ 579

580
581 ,THEROUTIE DOT WILL NBEUSDFRAWILE

582 , OV ft.1SIZ

583 ,ClIP 
FL,3

584 JE DOT

585 SUB SIZ 513D
586 DIP STAR

587 DOT NOV DUES:X

5818 NOV CL ES:Y

589 NOV XNRX-TWDL
59A CALL OVER

591 NOV ALIMBCKROIW
592 OUT OSCRLE,RL4

-593 
IN 0..,ERASE

594 HtT 
'

595 
P

596

88., 1615N8 P 597 LI1E NOV DXI XMINJW 
A

I5(( 83F90 598 ClIP Ceif

.,CF 1E20 599 XLE DUN

850 81F*FOB 608 CP CX~ 255D

805 7M1 681 3OE DUN

0 5D7 8FF.@ 682 AXV 255D

M50 2809 683 SUB P1lCX

MSO SiFAFF0O 604 OVER: COP DX, 2550l

0508 7D@8 685 JGE NOJIAV

@%E2 83FRB 686 CI, ox 1, 
a-

OE57E@3 687 JLE "Die'

A7E E808W 688 CALL OUTPUT 
4

O5Ft 42 689 NOJ4AVi INC DX

05EB 381M68 p 618 ClIP DX, XMXTII c-14*



A 86. W 8888 MACRO ASSEMBLER MATROX 94/17/09 PAM 15

LOC 116, LINE S0IWE

J5EF 7EES Ell. JE OYER
@5F! Ic 612 M4N RET

613
,Fd W~2 614 OUTPUT NOV ALItA..

0'f4 F6,14 615 OUT XREGA'L
6166 A N ALI 6L

R(iFO'6 E616 Wi OUT VREBGI.
85FF, A868 R 618 NOV AL, GSCRLE.YAL

W-f b Er, 619 OUT GSCALEAL

621
'008 26CA 178M8 622 PRINL-RESULTS NOV ES:BIRD-NISSES,O
806 C606290881 R 62K NOV RESUTS-FUAG, i
k-O8 98080 624 NOV ox, am8

868 mu11 625 NOV AL, 0350 V ECTOR NODE
8610 £888 E 626 COLL COUT
A613 8637 627 Nov cam,6
8615l £8868 E 62A CALL COIJT
8618 9878 629 NOV AL, 1700
q6IR ESOM0 E 638 CALL CMIT
061D B@28 631 myV ALI M58

Ci6iF E8880 E 6: 2 CALL CwO
0622 8840 6.33 NOV RLU 188

?4 £88 E 634 CALL. COUT
8627 BOIF 625 NOY FL, 370 ALPHR NODE
62- E80M8 E 636 CALL COIJT

0b2C 892eW 637 NOV CX 32D
062F WE288 628 NOV S1, OFFSET ILNIS.RSCII
*; 268A04 64-9 AGAIN NOV ALIES:(SI 1

8635 E96M8 E 640 CALL WJUT
E*o 815%2 641 CALL SIMOUJELAY

&~38 46 642 INC S1
@63C E2F4 643 LOOP AGAIN

63F 8011, 644 NOV ALI 8350
86 £888 E 645 CALL CwO
0643 E9CFA 64 Jt DO-JLOVER

647
ei 4 ' ,606EBM8 648 DIST-FRO-AGT. NOV ES .HIL.Sl(T 1 0

864 C6@6,2880 R 649 NOV DISLFR3TFARG, 1

61 8RDW 656 NOV Mew 0
8654 BWl 651 MYV AL,6M 030VECTOR MODE

8651cE8888 E 652 CALL MYO
8659 B837 653 NOV ALISM7
0656 £8888 E 654 CALL COOT
865£ 8078 655 NOV ALI10oo
660@ £8888 E 656 CALL COUT!
8663 BUR8 657 NOV ALI05em

V45Ebt E 658 CALL COtOT
%668804w 659 NOV AL 16s0
WA E*@88 E 660 CALL COiT

w 66ftf1 661 NOV Ft, 370 .ALPHAR NODE
8AF E ~W E 662 CALL COUT
*672 691A0 6'52 NOV CX, i6D

0 675 BE4W8 664 NOY 51I OFFSET DIS5R0-TGT
067-S 600 665 FIN NOV AL.ES:.ES!3
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*''88/08 WllPO ASSEMBLER PWTROX 64/i7/69 PWI 16

LCIC 083 LINE SOURCE V

0678 E8888' E 666 CALL GOUT
86th. EWRI8 667 CALL 901ORDELIY
M68 46 66 INC SI
8 E- E4 669 LOOP AGN

*34 8810 678 NOV FL350
8K6 £888 E 671 CALL COUT
W689 E984Ffi 672 iMP DO-J LOVER

673,
868r, Bff)W0 674 THRUSTERS-MSO NOV DX, M08
W6S BOlD 675 N & 0L350

0691 E8Wi8 6 676 CALL COUT
@694 8820 677 NMY FL 400
06% £88808 E 678 CALL COT
8699 8868 679 NOV AL, A490
8698 H8OW E 688 CALL GOUT
136-9 M8 681 NOV ALI 480
0&%8 6888 E 682 CRLL COUT
1611 884 6831 1OV 1L, 1880
8W5 ESOSS E 684 CALL COUT
8688 BWi 685 MOY FL370
O6W 68888 E 686 CALL WiUT

*VF 86?~ 988 68? NOV CX, OFFSET ENO.OF-MSSRG3 -OFFSET WESAGE)
868 BE3580 R 688 NOV SI, OFFSET Mf55886

683 2E888 689 ON?: NOV RL,CS:(511
W68 E8"8 E 698 CAILL COUT

8689 E8940 691 CAL SHOT.DELAV
W6846 692 INC SI

868 £6F4 693 LOOP RON
* 86F 898M8 694 NOV CX,2

*U~ BE6888 695 NOV Sb OFFSET (IDEALTRUST +3)
@6C'5 268184 696 ITI N: NOV ALES tSI]
W68 E88888 E 69? CALL COUT

06CB Mel68 698 CRLL SORTAIERY
06CE 46 699 INC ST
06CF EL-F4 798 LOOP IT-ffiIN
06bi 849 781 NOV AL, 111

8A W 888 E 782 CALL GOUT
Bet~02F 703 NOV FL, 570

"kENsWi1 E 704 CALL GOUT
86DB 8%0280 705 NOV CM2
ME0 865380 76 NOV SI, OFFSET (AiCTRURSTHMM3>
*#El 266%84 ?87 IT..RGIN2: NOV ARES.(IS I
@6E4 Etx"8 E 788 CALL GOUT
06E? E-66Si 789 CALL 90OTJXDLfRV
B66ii 4 Fie INC SI
8668 E264 711 LOOP IT-AGNIN2
*E~D B841 712 NOV ALI11 ifto
06EF EROW8 E 713 CALL GOUT
AbF2 B810 71 MOY FL 350
&F4 E80M8 E 715 CALL MIUT
@6F7 C 716 RET

717
718

06F8 6891FF 719 PRINTA4T- CALL THRUSTERS-fSG
0 6FB C6@6228883 P 728 NOV BLIW.COUNIT, 83D
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886/8087/808 WOO ASSEMBLER IRTROX 94/17/09 PAGE 17

LOC 08J LINE SOURCE

370@ Ci6270%1 P 721 MOV HIT.FLAGi, i
0705 26C6@6i6 722 NOY ES:BIRDHIT, @
88 BAO8W 723 PRINTHIT.RGNi MOV DX, WW81

78E B8D 724 NOV L,8350 ;VECTOR RODE
,710 E88808 E 725 CALL COUT

8113 8037 726 NOV RL,8670
0715 E888% E 727 CALL LOUT
8718 B876 728 MOV AL, 790
071R E8W80 E 729 CALL COUT
071D 882E 730 mOV L,560
071F E809 E 731 CALL COUT
0722 B042 732 MOV AL, 1820
0724 E88 0 E 733 CALL COUT
0727 B81F 734 NOV tL, 6370 ALPR MOOE
@729 E8800 E 735 CALL COUT
@72C W848 736 MOV tAlO ;H
072E E800 0 E 737 CALL COUT
8731 .049 738 NOV RL,1iO I
675 E880- E 739 CALL COT
8736 8A54 740 O AL, 1240 J
8738 E880W8 E 741 CALL COlJT

8738 8821 742 MOV AL,410,
073D E808*0 E 743 CALL COUT
0748 :.I, 744 NOV AL, 6350
0742 E~8880 E 745 CALL COUT
8745 ESFEOO 746 CALL DELAY
0748 BOlD 747 NOV AL, 6350
8746 E~0@0 E 748 CALL COUT
074D 26883E1A8M1 749 CIP ES: VREPREQ, 1 ;IRE "WE'NEEDEI fAWERE??
0753 7464 75e JE DOWN
@755 2680318W8i 751 CF ES: HREPREQ,1 i ORE OWE" EEDED AWNVIECR
*tsE 745C 752 JE DOWN
8,7% FEOE228 R 753 DEC BLINK-COUNT
A761 *E228 P 754 CMP BLINKCONT, B
a7r6 7451 755 JE D)OWN

0768 B016 756 NOV AL,933
076A E6",W E 757 CALL COUT
076D 88TF 758 NOV AL7?0 ;THESE FOUR INSTRUCTIONS CH0(1M TIE
076F E800&0 E 759 CALL COUT 1DATA LEVEL TO BLACK!
0772 8037 766 MOV AL, 670
8774 E80868 E 761 CALL LOUT
0777 878 762 MOV A, 780
8779 EW.00 E 763 CALL COUT

77C Wit 764 NOV AL, 560
@77E E80*0 E 765 CALL LOUT
0781 E042 766 MOV .1020
0783 EM E 767 CALL COUT
8786 BOIF 768 MOV AL, 370
0788 EM88 E 769 CALL LOUT ; ALPIH NODE
6?88 8848 770 MOV L, MI0 "BLOCK 'H"
678D E eOOQO E 771 CALL COUT
075% 8049 772 MOV RL, WO '"BLOCK 'I"'
8792 EOW8 E 77- CALL COUT
679M &654 774 MOV 9L,1240 'BLACK 'T"
0 .797 EBWAA E 775 CALL COUT
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&78 @b "8 ACRO RSENER MiTROX 84/1.7/ PWG 18

I fc :16 LIKE SOURE

87*f 8K 1 776 NOV AL, 410 'LACK "

479c E8w*0 E 777 CALL LOUT
079F 8821 778 NOV &t..410
'71 E88800 E 779 CALL LOUT

HeR4 801t, 788 NOV AL, 330 ;THU ET FOUR~ IN5TITOWSET7
eA E88880 E 78. CALL COUT

07R9 w86 ?82 NOY CL 1410 THE DRTR9 LEVEL BACK TO WHITE
N37 E8808 E 783 CAL&L LOUT

a74 BK 784 NOV AL. 350 ;RETURN TO VECTOR MUD
0i7BA ENW80 E 7m CL~ LOUT
e'6- E89A88 786 CALL R7 L

~WEQ?2FF 787 JNF' PRINTJ-iTJ-G!4
ii7F9 E954F34 788 DOWN14 3* OOALOVEP.

841K E9U'FE 7% NPINT-GRND-BIRD0 CALL 7HRUUS-SJ9
AP'8F k6C6&8"88 791 NOV ES:GR-..IRD, 8
0705 (686260001 P' 792 NOV CsiJ- RDYLG, i
8?CF4 New8 793 NOV DX. 8D8

@ ep794 NOV L, 8350
0?CF E8888 E 79 CALL COUT
rPD2 803? 7%6 NOV AL 870
07D'4 EgWE E 797 LOLL COUT
81,0 806 798 NOY AL, 1410
'37U9 E~88 E 799 CALL COOT

7DC PAME 88 mOV L, 8M6
O'[,E E8pw08 E 881 CALL COUT
A7EI 6&42 902 NOV AL1820
87E 3 E8@W8 E SA- CRLL COUT
87E6 8&IF 884 NOV AL. 8370 iRLPH*A NODE
87E804 E888 805 -,,-L COOT
07EP B%088 886 NOV CX, (OFFSET FINLOFJESAGE - OFFSET ?ESSAGE)
L1,& E UM F 887 NOV S1I.OFFSET ME59WG
07FI 2E6'%4 808 REPEPT- NOY fLCS:[513
874 E8888 E 889 CALL COOT
877 E85608 8te CALL SH0RT..DELPY
07FRi 46 8311 INC SI
07FB E2F4 812 LOOP REPEAT
vlNFD MOPF 810 N 0O..IL.OVER

81.4
8N8 C6@62~88 R W1 ERRORMSG: NOV ERROR 8

8805 C60625888 R 816 NOY ERROR-NSG..FLA, i
KO8 26C6061DOW8 81? NOV ES.ENX.OF..RPV. 8
6810 BR80 818 NOV oXam81
%813 8810 819 NOV FL350
8815 E888 E 828 CALL COOT
0818 882 821 NOV ALU 400
OPLA E88 E au2 CR11. COUT
Ai±0 8060 821 NOV AL. 140
801F E8888 E 824 CALL LOUT
8822 DUE 8U5 NOV AL. 560
0824 E8880 E 826 CPU. wOU
8827 Wi4 827 NOV ALU 810
UE29 E8"08 E 828 CALL COUT
A82C 60 829 MOV RL.370 iALPHA ODE
OaS EamU E 838 CALL coUT

C-18 CI
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W086. '68 '8888 MACRO ASSEIRLR PAMRO 
04/17/9 PAGE 19

LC'~063LINE SOURCE

@831 8692700 831 MY CX, (OFFSET FINLOE.NESSWG2 -OFF5ET MESSFGE2)

884 EEp 832 MYV SI.OFFSET MESSAGE2

8837 2E8A84 833 REPT2. NOV AL1 CS:(Sll

A6&3eA EBOWO E $34 CALL COIJT

083D E81000 835 CALL SHOT-DELAY

0840 46 S36 INC SI

0841 UPF 83? LOOP RPT2

0843 E9CAF8 838 3tW DOJT.OVER
839

L646 F,85@C1 84 DELAY NOy AX,666

08-49 48 841 AGINJLAGAIN: DEC AX

0803t'08 842 CP AX, 8

684D 7W 843 IN( RGA1NJLAOARIN

AKW fs 844 PET

0858 BRIO7 845 SHCTLDELRY NOV W AX60

885i 49 84 AGN4JLAON DEC AIX

8854 3D*M0 847 CMPF Y AX,

0857 7SFA 84 JNE A(3ILKAN

8859c 3 849 RET
858

vi85H 8408 851 CHECKJFOR.B: MOV o

W85 W4E 852 IN FL Oem USMT-STATIJS

885E 24K? 853 W~I AL, 2

@P,,@ 7484 854 JZ 60.JAK

886 E4[k 8m IN AL1 e"C

OW 64041 M56 NOV RiI

C:857 GOBACKRE

0867, 268R188 859 : L1BRATE: NMY t, ES: X-Y

W86 8864 868 OV AL, 64H4

ONE 28C2 861 3I AL FL

*-,A 268686050 862 AD ES OFFSET-X AL

08758864 %63 NOV AL 64H4

0877 2AC6 864 Sus ALIOf4

A879 26008668 w6 600 ES:OFFSETJW' AL

-'7E C3 866 RET
86?
*-88 CODE ENDS

879 D CSDRIVER' 05 DATA~RCUPI55: STRCK.SEG

ASSEIM3Ly CoW'pLETE, No ERRORS FOIJI
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80* 7'8 N88 MACRO ASSEMBLER SNOKE'LTIL-BARE 86/84/Bi PAGE 1

SERI ES- I I I086/8887/8888 MACRO ASSEMBLER Yi. 8 ASSEMBLY OF MODULE SMOKYTC-BPPE
66JECT MODULE PLACED IN :F2:SNOKE. 083
INVOCATION LINE CONTROLS: DEBUG

LOt ifBJ LINE SOURCE

1 NAME 9NOKEY-ThE-AR
2
3 DATR..fROtF GROUP DAT-SEG, DATR..SEG
4 CGRCIUP GROUP CODE

6 ASSU.ME CS -CGPO&FUP DS: DATA-GROUP
7
8 PUBLIC 9OELCHECK, 9IOKL-SETJ SMOKE-STRLUP
9

- - 1 DATA-s-EG SEGMENT PUBLIC
I1 EXIRN BAC1(GROUV: BYTE

--- 12 DATR3SEG ENDS
13
14 DAL-SEG SEGMENT PUBLIC

$OO tl 15 DONE DO iDIP())

owl1 (1 16 SERIES-.NO DO 1 DUP(')

--- 17 DAT-SEG ENDS
18

---- 19 CODE SEGMENT PUBELIC 'OE
000 C686s880 P 20 91OKE-STARTAJP: NOV DONE, 8
880 (6068101I R 21 NOV SEP IES-NO, I
80W8(3 22 RET

23
80% 8080068O P 24 SNOKECHECK ClIP DONE.
8618O 7405 25 IrE G0.BACK.
8812 8401 26 NOV A4,1I
814 £88390 27 JiI' GO..BACJ(2
*17 840 28 GOiARCK: NOV Fit8
0%19 c? 29 G0.880(2: RET

(WAe 803E08688 R 31 SNOKLSET: ClIP DONE,@8
80if 7463 32 JE START
* 2 1 81 33 NOV SI, I

882334 RET

36
i~ 8,E181 R 37 START: ClP SERIES-dO1 I

0*4-z '4IF 38 IrE SERIESAt
*028 803 E81882 R 39 CWP SEP IES-WN, 2
*26 4A: 40 JE SERIES-2
*W2 803631W80 R 41 DIP SERIE&.N01 3
0082 7435 42 IrE SERIES..3

'9 883E81888 R 43 OHP SERIES-dO 4
*E '44q 44 IrE SERIESA4
O80-E10W p 45 Cl? SERIES..NOJS5
i%4t5 -448 46Ir EPIEi.5
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806/07,'8O8 MACRO ASSEMBLER SWYH0AE8/4M8 
PAGE 2

LO- CE), LINE SURCE

*47 EHS690 47 ip SERIES-6
48

0040 FEtI60000 E 49 SERIES-1 INC BACYGPIYW

M0E W4 E$08 E 50 ClIP eA..RON, 150

053 7401 51 JE DONE1

0055 C' 52 RET

i$856 £60601002 F 53, D09(1 MOV SERIESJ4O.2

on56CR 54 RET

tiu,- FEOE680 E 56 SERIESS2 DEC BACKGRUN

WO866 3E0800 E 57 LISP BPCKGROW* 8D

@865 2461 58 JE W092

W7o C3 59 RET
0068 £606810003 p 68 009(2: NOV SERIESJIO,3

8060CR 61 RET
62

@OEE FEO6880 E 63 SERIESJ.i INC BACKGROUND

0072 883EWW08 E 64 ClIP mmCmWXW 150

077 7401 65 JE 001(3

0879 C-. 66 RET

OOZA (606818004 R 6? 7 001(3 NoV SEPIES-NO, 4

Oi1F C3 68 RET
69

60W FEdE6006 E 7Y SEPIES-4. DEC BACKGRCIM

0064 %;E668804 E 71 ClIP BFICKGROIJ 4

~,.' 401 72 JE D01(4

G7;. RET

0CC60 665W P 74 W014. MKW SERIESJJO,5

0091 3 .5 RET
76

@892 FE86O00 E 77 SERIES-5 INC BACKGROUND

0096 803E868 E 78 CRP BACKGROIK, 8

*98 '$'1 79 JE D09(5
00D88 RET EESN6

0091E '6610E P 81 DONES: NOV ElSO

$Mi 582 RET
83

@8*4 Eme06 E 84 SERIES-6 DEC BACKGROUND

W-8830666 £ 8 CIP 8ACGROLID, 8
H ~0 746 86 JE FINISHED

000C387 RET

&a8 C6680081 P 88 FINISHED NOV D01(~i

k@85 C 89 RET
98
91- g CODE ENDS
92 END

* ASISEMBI. j.OIPLETE, NO ERRORS FOUN
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.5/S87'88 W~RO R'cEMLER PETER-RRBBIT 04/17/e9 PFIE

~tE-t i S6'S87,8&~E:MACIRO A'SSEMIBLER Vl 0 ASSEMeLY OF MODULE FETER-MBIT

liJT N*f'U PLiCED IN F2 G.1 OBT

INVOCAT ION LINE CtJINRA. 1PEBIWt

i' tBJLINE SolipfIE

f NNIE PETEPYFRE-f IT

s U4TR-1ROLIP GROUP GRE-SEG, DATA-5EG-X FER-SEG

4 CGRC&IP GROUW CODE
5
6 EXTRN i3RAPHI NEAR, FIRE-BIRD BYTE

PUBL IC GRAPH-GAE-OINT, GflLSTRUT- LTOY YP.LRVEJA

S PUBLIC ELAPSED-TIME
9 EXIRN COUT NEAR

11 ASSuME CS CGROUIP. DS. DATA-GROWP
12)

1-, XfEP-EG SEGMENT AT 0608I

14 EXTRN BAD-IISS BYTE, START-BR BYTE, DATk-ERY. BYTE

15 XFER-5EG ENDS
16

-- 17 DRTR-SEG SEGMENT PUBLIC
IR EXTPN YCNT BYTE. XCNT BYTE. THRUSTERFIRE BYTEtERPOR BYTE

19 DATR-SEG END1S

21 GAE-SEG SEGMENT PlIBLIC

21- BJT-LBUCET Ds I Df t

"A: ELAPSECITIME DW I 14-1 k~'

25 FIFTEEN DM I DLFp(

m FOUR Dfr 1 K(~J

*A '17 Y-,cRL.EFKCL) EOI 03D

0- 28 LYp!3RX-PHIC-POINT Did i U0

q H-Y9 -'GRAPH4IC-POINT Dod I LJP(''

30 IiGAE-OFFSET Did 1 DLUPk"N

~,44iD ~ 31 FIFTY Did I DURP -

H-NREP-FLfA DB I DLURQ"'
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8Si66/8kJb7888 Wb~RO ASSEMBSLER PETER-RMBIT 04/17/09 PA£&E 2

LVi( LiEJ LINE SatPC

81 133 VSREPSLAG DO i NRC'?)

8±134 BIG-MISS DO ± DUPC')

q*12 (1 35 THRUSTER-FIRED 00 1 DUP0"

36
37 GRE-SEG ENDS
38
?9 CODE SEGMENT PUBLIC 'CflDE'
48

ow8 £6868088 P 41 GRESTARTJJP N OV BITSIJCKET, 8
888 £68611800 R 42 MOV BIG.N1558
088 £7868188888 R 43 NOV EIFSEILTItf, 8
8818 C7868,3888F8 P 44 NOV FIFTEEN, IS)
0016 £78685888400 R 45 NOV FOUR, 40
881£ (7068083288 P 46 NOV FIFTY, 56
@022 '28680582 R 47 NOV HGAEOFFSET,725D

*21 160618888 YS-9MY EPSLAG.0

00-37 (3 51 RET
52

W88 E$'f'88* 53 GAE-rT SOY NOV DXI r0im
8838 2.6C,6068888 E 54 NOV ES: DATAJREADY. 8
0841 881!) 55 NOV &.8350 VEtCTOR~ MODE
8843 E88888 E 596 CALL COJT
OW4 E8@90@ 57 CALL CONTINU[
0049 C3 58 RET

59
884A 880808 68 GRAPI4JAEYOINT NOV ox, ow8
8840 881£ i1 NOV AL, 8340
A84F E8888 E 62 CALL CWT

W852 33(8@ 63 CONTINAUE: XOR AX
*54 883E8888 P 64 ClIP OITJILCKET± ilF SET D E 'RE ON PASS TWO
@K597400 65 JE NORMAL. ;.E,LEFT SIDE OFSCREEN.
W858 %3E18868 R 66 ClIP YLREPSLRG, ±
886075%6 67 JIE NORMAL
8862 £786880409 R 68 NOV HG...OFFSET, 845D
OW6 88iE888 p 69 NORMAL NOV OX, NGAL*VFSET
W,6 81F8052 78 CIP BX, 7250

W878 742 71 32 X1
8872 8iFB403 72 C39 BX. 8450
8876 74e£ 73 32 X1
8878888 E 74 NOV AL.YCNT
8878 83(8 75 NOV BL, 2W81
887D 2A8 76 SUB BLA
887F 8fk-- 77 NOV tLBL
8881 E96490 78 319 OMWRD
888 4 088 E 79 Xi: NOV SJXCNT
88W 8488 88 omJAR NOV AH.t8

V 889 F7268308 P 81 II. FIFTEEN
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386/8887868 MACRO ASSEMBLER PETERJMRI81 84/i749 PG 3

LI( '38 LINE SOURCE

66M F7:t,8Se8 p 82 DIV FOUR
0091 B3FRt 83 CP 0)X82M
004 7C@1 84 31 GO..ON
A696 48 85 INC AX
OW9 881E860 R 86 GO-ON NOV B% HOALOFFSET
*09B B97701 87 NOV CX. 3750
669 81F8050 88 (VIP 8% 7290
MV 27413 89 12 X2
6804 81F84063 90 (tIP SX, 8450
60M74K,' 91 32 X2
8WAR 801E888 E 92 myV 81 VCHT

w8621C828 93 NOV DL 2W81
W86 2K.-- 94 SUB DLBI
m88 w6 95 NOV BLDL

8OW £96598 96 3* ONWDi
8887 8A1EM8 E 97 X2 NOV DL. 047
M89 8*64 98 OROM CH? 81,1860

888E 7314 99 DC8 SUOT
WOC828C8 18N AD: SUB MXAX
W62 88(1 lei NOV AX1 CX
W84 881E9M6 P 182 NOV 8)4 HOAE.OFFSET
W86( 386886 R 103 ADD AX1 HGAL-OFFSET

89C 31*283 184 CtP AX1 M818
S6CF 7hI5 185 JO ONWARD3

W64 28C1 187 SUBT: SUB AXJCX
6806 881EO88 P 188 NOv 9)4 HGAECSVFSET
8M0 298 1M SUB BXI Ax
WK0 'EIl li8 311 OIARO2
880£ 883 itt NOV A)BX
WO R! 8378 W1 6ONS NOV NWNWSPHC-OINL A

69CC £86796 115 M1? OVERA1ERE
MOET (70607000%8 R 116 ONIF12 NOV HJUGPHICSOINT. 8
00F5 £82981 117 OVERJIHERE CALL TIME
W8 88386 118 NOW 8)4 V3CALL-FCTOR

- 6*8 F1'E3 119 MUL UK
08FD06508 1I8 AD) AX, 3880
816 F736"06 P 121 DIV FIFTY
8104 83FA19 122 CI? DX, 25D
6187 7081 123 31. 60-04
818q 40 124 INC fix*

125
0183DM83 126 6&0H4: CI? RX,?79( ;IS TIMGOINGTO EXCEED THETOP OF
818 liP3 127 iNS WLON6 AT VO-1 SCREEN"? IF YES THEN REDUCE
8*F 88883 128 MY AX 7?9 THE MAGNITUADE TO 7790.

129
8112 830900 P 138 003)46 NOV ILV.GRWIIC..POINL, AX
OW1 DM38813 NOV DX 808H

132 .ThIS ROUTINE OUTPUTS HIGH V, LOWl V, H114G X AND LOW X FOR HOGRIZONTAL.
133 ;AIN ERROR TO M.91

0118 26883E86888 E 134 CM? ESIN)NMISS1. ,8M3JISSr?
011£ 7589 135 XI BVSARSS ; IF YES THEN
0128 8610 136 NOV ...8350 ;00 TO VECTOR MOE

C-24



88688; 08MACRO ASSEMBLER PETERRfUBT 04419 PAGE 4

LOC O8J LINE SOURCE

1122 £88888 E 1's7 CALL COOT ;ELSEJSTAY IN POINT MODE
138

0125 810900 P 129 OYAPSS: NOV W. HYJ*AIC&PONT
0128 8185 140 NOV CLS
812A D3ES 141 SHPf t ACI
012f: 241F 142 AND AL ft., 8011±1
81LE 0(20 143 OR AL, 8818000
K13@ £8080 E 144 CALL COOT
01,738R101910 p [49 NV AX. ItS..ORWHICYONT
0136 241F 146 AND AL 88111118
0138 su@~ 147 OR ALI 01188880
8138 F800 E 148 CALL COOT
01 3D A18740 P 149 NOV AIX, FLXG.RAPIICSPOINT
8140 819f5 15o NOV CL5
014 D3E8 151 SHP AXCL
8144 24iF 152 AND AL, 8861111
8146 @C20 153 OR Ft,8100888
8148 E8008 E 154 CALL COOT
'348 F10788 R 155 NOV Aft HJLGWPIIC..POINT
814£ 241F 156 AND AL' 088111118
01588(C40 157 OR AL8180088
8152 £8808 E 158 CALL COOT
0155 26803E06880 E 159 CHt ES:BADMISS, I
0150 75lE 168 RNE BVSPASS2
0150 88IF 161 NOV AL,0370 i RPHA NODE
01SF £80808 E 162 CALL COOT
0162 803EOi288 P 163 CNP THRUJSTER-FIRED, I
8167 7588 164 MNE 85T
A690S 165 NOV AL,107O ; OUTPUT A 'Z WHEN A THRUSTER FIRES.

C168 £8080 E 166 CALL COOT
016£ E8889e 167 JM BV.285S2
0171 W8A 168 ASP- NOV RL, 8520 ;OUTPUT ASTERISK
6173 E8000 E 169 CALL COOT
'3176 8010 178 NOV ALI 0350
W,8 £88808 E 171 CALL COUT

@ib 883E00000 R 172 Bt-PRSS2 CMP BIT-UCEt I
'380 7438 17' JSE AGA I N2
0182 832091016 P 174 SUB EI*SELTIE 1 220 iUSED TO BE 20

- '187 C68680881 P 17-5 NOV BIT..BUCKET,1I
f88 803E081 P 176 CNP ItREPSLAG, I ; IF REP TEN A DIFFERENT OFFSET
0191 7489 177 SE FSNORP .FROM REGULAR IS USED
0193 C7006C8 P 178 NOV HGRELOFFSET. 19!) OfW TIE OFFSETS TO GET
Ku99 £80798 179 319 ACROSS *READY TO 0O TIE VERTJICM.8fE
019C C7@6088F80 P 180 ABNOR: NOV HOIEOFfFSET. 2390
01A2 803E0080C £ 181 ACROSS CMP VCNT 2680
'318 7218 182 .18 AROUND
'J189 26C60600f E 183 NOV ES:BADLNISS.1
kwA C6068008 E 184 NOV ERROR.-I

if'184 C6060E'008 E 185 NOV VUNT. 2W8
01i6- £996FE 186 AFtIND. JM CONTINUE
'318£ C606080 P 187 AGRIN2, NOV BIT..SJCKETPO
01rt 80e1i2001 P 188 Cit THPIJSTERSFIRED, I
W6% 7464 189 SE HEWE
81(8 26803E0600 E 198 CMP ES: F IRE-IRD, 1
OlCE 755C 191 lIE HERE
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88868887.'808 MACRO ASSEMBLER PETERRA8IT 04/17/89 PAGE 5

LOC 08! LINE SOURE'R

01(Q £60612808 P 192 NOV TIRUSTER..FIRED2

0105 (60600008 E 193 NOV TItUERIREAl
W1A P6e6110881 R 194 NOy BIGLtISS' I
uOF 26C6868008 E 195 NOV ESMLADMISS 1.
wIES CbO 8 0MI R 1%6 NOV BIT.SUCKET, i
OlER E8s600 1?CALL TIME
OIED 832E0181 P 198 SUB EI*PSEDAIML 220
01F2 201680@ 199 SUB AXt 22D

01F5 888308 200 NOV KX VSC&ESACTOR
OIF8 FE3 201 MRt BX
OIFA 89888 202 ADD AX, 3880
OIFD F776"0 R 283s DIV FIFTY
8281 83Fii9 284 CWDF 25
82M 7C81 285 IL GO-OHAW)N
8286 48 286 1INC AX
8207 390003 207 GO.ONARND Cit AX 779D
820 7683 288 JNA GO-CJLRM2
020C 88693 289 NOV AX1 7790
$120F 83898)0 R 218 GILONAND2: NOV ILVJGPPICYPOINT, AX
821-A2 C70607088 P 211 NOV tXGRAPI4IC-POINT, 0
0218 WW88 21 NOV OX1 881
821B Bo10 213 NOV fit. 350
AM1 E888 E 214 CALL OW!
(422 E% ,FF 215 II, 891855i

216
21?

@-, 8306818816 p 218 TINE: ADD ELA*SED-INE 22D
8228 810100 R 219 NOV AX, ELAPSED..TIIE
0228cp 228 RET

221
022(. 8R80 222 HERE: NOV OX, 8082
022F RBtC 223 NOV AL0340 ;CIEldOE ROB TO POINT MOIDE
0231 E8SOO E 224 CALL COUT
8274 '7868888582 R 225 NOV HOAESOFFSETI 7250

226
823A 803E11008 p 227 CMP BIG-MI1S5, 1
027F 751E 228 JNE LEAVE
0241 26C60668'30 E 229 NOV ES:BAD.MlSSO
8247 £6868088 P 238 NOV BITJCKET, 8
624C 26(6680 E 231 NOV ES:.FIRE-.BIRD, O
8252 £68611000 R 232 NOV BIGJIISS1O8
0297 £686128088 P 233 LEAVE: NOV TIRISTELFIREDI 8
025C3r 234 RET

235
236
237 CODE ENDS
238
239 END

ASSEMBLY COMPLETE. NO ERRORS FlAWN

C-26c



M C S, .,8 Mt CRO ASSEMBLER NKRLYNMONROE 04/17/ PAGE

4EF IE -_.-IL ib8 O?/8887 MACRO ASSEMBLER Vt. 0 ASSEMBLY OF VODULE W LVN-MONROE
OBJECT M OULE PLACED IN F2 PETRO. OB3
INVOCATION LINE CONTROLS: DEBUG

LOC OBJ LINE SOURCE

i NAME RL N. OE
2 PUBLIC GRR14i, COUT, CIN, GRAVSREP, GRRPHHREP. USFlT.SELUPFOR.AM
3 PUBLIC DELRY.3
4
5 CROU GROUP CODE
6
7 ASSUME CS: CCROI
9
9 CODE SEGMENT PUBLIC 'CO '

1
880, ii TIMERCNTRL EQU W6H
8W 4 12 TIMERCNTRL2 EQU 044
888 13 CNTR2_J)ODE EQU 886H8884 14 LOIROM EQU 84M

ow 15 HIGH.JM EQU 88W
MR1. L6*RTNTRL EQU e
ow17 USA.T _RES'T EQJ 40H4
0@E 8 VFWT-M'ODE EQU 4EH

7 9 UST-CRfN EGU 37H
800E 28 USRT-STRTUS EQJ OE

21
07.5 22 DELA-YAL EOU 7514

23
24

OW ID 25 PICPOINTS 08 1fH, 21H, 7.14, 2FH, W4, 23H, 6C4, 2FH, 5414. 440. 1440, 650, 12?0

0*2 ?CW,8 21

%7 2F

W8t 54
W885 24

am 864
88 35
8w 57
80 36 26 PICPOINTSI 08 8660, i57" 0,6 1 , O660,1570, WO, IM0, 440. 1440. O. 1230. 43

O, 1540, 750, 1260,410
88E 6F
OW 36

8811 36
0012 6F
8813 36
*t4 5E
8815 24
'*i6 64
OeL7 T,

C-27



.8E/8087,"8080 WCRO SSEIBLER MPRLW OM E 04/17/9 W P AE 2

LCWC "K' LINE SOURCE

81' 23
O*IA 6c
WIB H. "

8@0W 21

0oiF 7C 27 PICPOINTS2 DB 1740,8750, 1260, 410,1740,570-1240, 850, 410.1740, W60, ±250660
,1570,86

0021 21
9822 7C
8027 2F

824 54
0025 10)

8@26 21
9@27 7C

0029 55
~825 55

%82A 3 6
0826F
002C 36
0o2 55 28 PI(POINTS3 DB 1250,340,640. 1640 660,1230.620, 1780,660,123.60, 1740,660,123

0, 570,1400, 660, 1230,550,1440,60. 1230, 530
002E 1C
A02F34

83@ 74
W 1 34
6832 53
W833 32

0035 .16
0036 5:

0038 7C[

e@39 36

e@3 2F:
003C08839 36

083E 53
83F 2D
048 64

%041 36
42 53

0@47 28

0044 68 29 PICPOINTS4 e 50660, i202 , 1540, 660,1230, 470 160 660, 123. 450, 1640, 66 -

0, 1230. 430,1780, 660,1230, 640, 1640,660
0045 36
8846S3,,

0047 29
0048 r

604- 70

C-28



I
8d8sE/ 8S7.8888 MCKP0 ASSEMBLER MARLYN-MONROE 84/t7/09 PAGF 3

Lf, U6 LINE SOURCE

*4E 57

uCA4F 25
OM 74
051 36
0*52 53

53 23
*54 78

853L,36
8565

057 34
058 74
8059 36
885$ 57 3 PICPOINTS5 D8 1270,620,VP/0-o,
05 32
W8SC 78

O5) 36
WOSE 57 31 PICPOINTSE DB 1270,680,1740, 660, i270, 570 i4V0, 660, 1270, 550, i440, 660, 1270, 53

0, 15800, iD1270, 510
05F 37@

.@ . 7 .
57

067 2F

W*64 6e

W6 57
@67 2D
W'J- 8 64
_@869 ",-

86 57
0.68 2P

WE 57
886F29
078 6C 32 PICPOINTS7 08 1540,660,1270,470,1690, 60,1270
*071 36
*072 57
@873 ?.

074 70
k75 36
W076 57

37 25 33 PZCPOINTSB 0B 450, 1640, 660. 1270. 430. 870, 660.1270, 3% 570,1640, 560,140,370
1240

0078 74
0079 36
O 57A57

807C 78

87E 57

@K12F

881 74

C-29
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88-6.'8087/W8 MACRO ASSEMBLER MRLYN._MgOE 04/17.A39 PAGE 4

LOC O(J LINE SOLRCE

8@82 2E
W83 4C

884 IF
W85 54

86If) 34 PICPOINTS9 DB 350, 560,1660,.c60, 140,370,1110,.'0,0170, 560.1140,370,1150
W7 2E

088 76

W8B IF

OW 49

88E 20

WO 2E
8891 4C
0892 IF

93 41
0094 ID 35 PI.,OINTSit DB 350,540, 1720, 5,0. t 370 1850, ',520, 1760, 50.. 1140 370, 1230

S.),Y. 520. 140, 560,1140
8895 2C

0@96 7A
8897 2E

W"IF

OW 45
889 1D
WKg 2A
Oft07E
WK 2E

W 4C
8W iF

W1 53
8*R2 ID
WeR3 2R
*946e

W, 2E
W 64C

887 IF 6 PICPOINTSiI DO 370,150, _'W, 510. J420s. 560,1140. 70.1@30..' 610, 1770, 960,1220
630,1440, %50,1220

8 45

0" 29
Of 62

Of 4C

e883 2E

OW 52

W 33

C-30



r WFs,'s7.. MACPO ASES, FLER MAVNjI.NMROE 04/17/'09 PRG 5

u C8j LINE AWICE

0E - 2E

O888 52
089 -&-" 27 PICPOINTS12 DB 620. ,1660 560, 6M 8 0.%,0 , 1140. 30, 1440. 560.1220
A(EA 76
ftE2E

W88 32
0W 76
OSCO 2E
e@C 4C
8t2 33
883 64
8O(4 2E
80(5 52
W(6 ID 38 PICPINTSI3 0B 350,440,1660,570,1240, : 70.580. 1140. j 50, 60,1240,5 10, 350, 40

.1660, 710.1 .10
0017 24
08 76
O8M 2F
88C 54

OOCD 4C
WE 45
&F 46

01 29
vi*2 1D
8803 24
@@D4 76

0806 59
0807 IF 39 PICPOINTSI4 DB 370.9 0.122I, 1110.1070, 119., 1240,510
8008 28
09 52

880 49
0008 47

WD0054
W-i)E 29
OF IC 4 PICPOINTSI5 D6 340,410, 170, 570, 1240,410, 1660,570, 1240-410, 1710 -00. 1., 410

.1660,60, 1830
O08E 21
OK1 79
OK2 2F
OKS 54
88(4 21
8(5 76

88(6 2F
0E7 54
A88 21

t OK9 79

OKA 30
* 8MB 43
4!

C-31
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'90&r' 87/80.$ M'~~PO ASSEMBLER MARLNV-ONROE 04/17/09 PAGE 6

L'C OBJ LIE -UR.CE

WSEC 21
DE0 76

88EE 38
WGU 43

O GO 21 41 PICPOINT516 0B 410, 1710, 680,122 40, 1660 600, 172, 410, 1710, 610, 110. 410, 66
0,610.1010

OSFI ,"9
60F2 -3&,

0*3 52
0*4 21
W5 76
WFE 3@
8W? 5Z
GOFS 21
@@F9 79

8 FB 41

OWE 31
80FF 41
010O 21 42 PICPOINTS17 DB 410.1710, 610, @ , 1660.610.t280, 410, 1710, 60.. 370, 410166

0, 60 370
8181 79
A102 31

80I 21
1_5 76

8186 31
017 50
8108 21
189 79
818R 31
018 5F
01K 21

1.0, 76

010F 5F
*011 21 43 PICPOINTSIE. DB 410, i70, 620,1160,410,1660,620.1160,410.1710, 620, 1350. 4W166

0, 62&,1350
@111 79

011, 4E
8114 21

* 0115 ;

@117 "Sfti7 4E
019521

@119 9

* 011859%
81C 21
@I D 76
011E 32

4 C-32 (
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8A'b6,87/W888 MIPO ASSEMBLER tiI'N_JNIO 84/17/9 FIGE 7

LC( 001 LINE SOLPUE

8128 21 44 PICPOINTSI9 D) 40, 1710, 630, I140 410, ±660,630,1140. 410,710,6I 0 1330 410. t66
O 6301330

8121 79
0 1 -2" -_-1
0123 4C
8124 21
8125 76
8126 37
8127 4C
8128 21
8129 79
0128 3
812B 5B
812C 21
8421 76
812E 33
812F 58
813 21 45 PICPOINTS28 DO 410,1710,640. 1120,410,1660,640,120,410 i17O,640,1310,410.166

0. 640,1310

831 
79

8132 34
8133 48
@834 21
8135 76
8±36 34
8137 48
813821
@139 79
013R 34
0138 59
8±3C 21
013D 76
813E 34
01SF 59
0140 21 46 PICPOINTS21I DO 410, 710,650, 1±0, 410,1660, 650. 11@0,410, 1710. 650, 1270,410. 166

0,650,1270
8141 79
8142 35
8±43 48
844 21
8145 76
8146 25
8147 48
8148 21
0149 79
8148 :5
8±48 37

014C 21
@140 76
814E 35
14F 57

0150 21 47 PICPOINTS22 DB 410,1710, 660. S60, 410,1660, 660. 1 .1 410. 1710 t60,10% 410.166
0, 660., 250

811 79
8152 36

C-33
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~tt8698 MCOASIE MR' MWE04/17/09, PAGE

LX 081~ LINE SOURCE

0157 46

@155 ?N
019t.6_ 6
0157 46

0158 36t~
0158 55
S15C 21
0105f. 767
8156 36
015F 55
016@ 21 48 PICPOINTS23 DS 4±0,17±0D 670.. 1040,410. 1660, 90 1040, 4±01710,670, 1230,41l. 166

0, 670, 1230
0161 79
8162 3- 7
@163 44

0165 7
$lbb Sf7

@167 44

01,H) 21

@1681 3 7

-416F 53
o170 21 49 PICPOINTS24 DO 40, 1710,700, V&204M0 160 700, 1020. 410. 1710, 700.1210, 4%0 166

0.700, 12±0
0W1 79
0172 -,6
A173 42
0174 21
o175 76
01716 38
k 177 42
@1,78 21
8179 79
0178 38
8178 51
017C 21-
@17&7
017E 38

01F51
4 ~0180 21 50 PICPOINTS25 D8 4011,1.604016.1. 004011.1.17.1.6

8181 79 
M OV

K0?8239
o163 40

61421
e185 76
@196; 39

C-34



S.:..-',. . '3M NACPO ASSEPULEP MRRLNMONPOE 8417/09 PRE 9

LX (16 LINE SOURCE

61,47 48
'MR3 21

0lc:9 79
88 39

0186 4F
@18C 21
00 76

OISE 39
018F 4F
0190 21 51 PICPOINTS26 DB 410,1710, 70,1360k 410,1660, 7±0,1360,410,170.720.1150.4101±66

0,720, 1150
0191 79
0192 S-9
0193 5E
8194 21
0195 761
8196 L,98197 S9

0198 21
8199 79

@i5B 4D

019C 21
8190 76
019E 3A
819 4
OlRO 21 52 PICPOINTS27 DB 410, 1710, 720, 140, 41 160 720 0, 410, 1710 770. , 410, 166

0 730,130
GiRl 79
O1R2 3P

81A3 5(
OIA4 21

O15 76
8106 :0
O1A7

010f8 21
81R9 79

OIAP 46

@10F 48
6188 21 53 PICPOINTS28 D8 410,17±0,730,1320, 410,1660, 730. 1320, 410, 1710 740. 1110, 'ilO, 1,6

0, 740, 1110
sIBI 79
jiB2 38
8183 5
0184 1
8185 76
6186 3-8
Ai7 5A
0IB 21
0189 79
818C-3C

C-35



' $6i. 78? 0@88 MACRO RSSEMLEP MRLYN-W0OE 84/17/09 PRGE 10

LOf( 'ICi LINE SO -E

01B8 49
01C 21
01B0 .6

KlBE XC
01BF 49
We 2 54 PICPOINTS29 0B 40,17±0,740 1300,4±0, ±-0, 740 , 3 40.. ±70,750, ±i70,410, 166

0, 750 ±87
kiC1 79
,91Q2 3(
01C? 58

W1C4 2±
O1C5 76
01C6 3c
O1C7 %
01C8 21

0±C9 79
01CA 3D
KCB 47
01CC 21
elc(P 7t;
0ICE :.

017F 47
0100 21 55 PICPOINTS30 D8 410i±7i0,750,i260,410,I660,?50.260
0114 79

ID2 10
F103 56
004 21
0105 76
O11)6 3D

*01D75

56
0108 ±0 57 PICPOINTS31 DB 350.410,±740,420,1140,420,1710,420,140,440,1650.4501±850,660

,1570,450, M±o010D9 21

C10ft 7C

0100 22
1IDE 79

KVC 22
01EO 4(
01iE1 24
41E2 75
OIE3 25
01E4 45
O1E5

elE7 25

8e 59
R1E9 36 58 PICPOINTSK 0B 660,1570, 460,1±40. 440,16,, 470810, 420.70, 5W, I2. 40, 74

0, 550,1230
E.R 6F

O.EC 4C
OIED 24

C-36



*W:' O S MARO RSSEMBLER MPRLYNMONROE N4/±7/09 P6E 1

Hi( t iLINE SOLCE

'ItEE .5
4EF 27

'3F@ 41
'31F1 22
IF2 79
WF 2([
1F4 53
1F5 21

.3iF6 7f
OiF7 21,
OIF8 53

IF9 21 59 PICPOINTS3] [6 410, 740. 420,1140, 350, 410., 1740, 460. 9830, 660,1570 460,10
01FA 7C
8IFB 22
@8F1 4C
OIFD I
81FE 21
8IFF 7C
020 26
0281 43

823 6F
@204 Y.

026t 1, 68 PICPOINTS34 06 340,640, 1640, 460,. 110. 620 1780 460, 110. 60, 1740,460, 18010,570
1400, 460,1010

&'@A7 4
828 74
0289 2r
02% 41
020B 32
02C 7S
0201 2t.
828E 41
828F 18
8210 W
0211 2':
0212 41

OZ14 60
@215, 2t,

0446l 41
@-, 1-21 61 PICPOINTS35 [8 550. 1440,460, iO0,5 30.,10,460,1iO,5O.,154&.460,.1810,4,70.16@

0, 460. M8O
218 64

8219 26
8218 41
821B 4P

"2l.'1 2-
@C-'IE 41

'IF 2
8220 6
8221 ;"

u"J2 41

C-37
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8W8/8@87/6W8 PVRCR0 ASSEPELE PflI IJMt( @4/17A)9 PG 1V

LO C.J LINE SOLE

0223 27
0224 79
0225 26
0226 41
0227 25 62 PICPOINTS36 DB 450,1640,460, iM0, 430, 170, 460.110 640.1640. 4iO. i8'%, 6. t7

0,460.1050
K223 74
0229 26
022R 41
822B 2?
22C 78
022D 26
022E 41
022F 34
6230 74
0231 26
0232 45
233 32
K24 78
0235 26
8236 45
8237 30 63 PICPOINTS37 DO 600,i740,460,8W0,570,1400.460.i850,550,i440,460.1850,530,i50

0, 460, 150
8238 7C
239 26

0238 45
8236 2F
023C 60
823D 26
023E 45
023F 2D

248 64
241 26

9242 45
243 28

0244 68
0245 26
0246 45
0247 29 64 PICPOINTS38 DO 5i0,0540,460,1850,470,1600,460, i&6 450,1640,460.1850,430,178

O,460,150
0248 6C
8249 26 - -

0248 45
8248 27
024C 7@
824D 26
024E 45
024F 25
0250 74 "
0251 26
0252 45
@253 2? .
0254 78 4
0255 26
0256 45

C-38.
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-xk (RO RSSENBLEP *LVNJINP.OE @4//9 PAGE L

LINE SOUVCE

@27 165 F ICPTS9 £ 4%0 17±0. 420. 1±,40,410' 1660. 420.j11413,410. 171041. 133'} 410166IS
0. 420. 13O

&258 74
8259 22:
82% 4C
0256 21
'lj25( 7'

@~2% 4C
.jJ9f 21

S26A7.

@261 2

026, 2,1
0.-64 7r

03269 4 2
AN2136 5Ef:
A261 21 66 PE?01N154 cE 4101710i,420.112'0,410.166n.430.1±2101,l,±0430' ±310410,16

0.430. 310
61268 79
8269 23
8268 48
326B821
026C 76
'326[4 ' 22
@26E 48

8278 79
0271 2

04274

8276 59
042(7 21 671 PICPOINTS4I De 410.1710, 44 1±80 410 1660.440,1180. 410. 17±0,440, 1270.40. 166

0. 440M270
8 278 79
8279 24
W27 4e.

027C .76

'si7E 48

.O79
0281 24

* -482 57
.2?- 21

R2895 24
;128 57
wc7 7 1 68 PICPOINTS42 086 410. 1710 450 1860 4jfl ±6604,0.180410.1710.4590,1290.410.S16

0.,4%0.1250j

C-39



%&6 8788 8M.RO ASSEMBLER RYtLMOII@ONE e4/17/9 PF 14

OW 0&J LINE SOI.rE

0 ;1. i 46
.4'2.F 21
828C 76

.-tE 46
02F .21
0298 79

AC9 kS

8292 55
k25- 21
6294 76
0295 2 5
82 55
02W 21 69 PICI INTS43 08 410,170, 460. 1@20, 410, 660. 460, 120, 4i 1710-460. 2. 410,166

0, 460,1230

0299 -6
829 42
0J29 21
62R; 76
829 26
02*E42
82* 21

0281 26

0202 5-.
02R7 21
02A4 76
A2R5 26
02. 53
02R7 21 78 PICPOINT44 DB 410. 1710.470,1--0,40,E.? 470,120410l7iO,470.1210,4i0.66

0,470,A210
OdiS8 79

0289 27
8RR 42
129B 21
AMC 76
02FO € 27
A'E 42
YF 21

@2Br@ 79
028 27

02B2 51
0283 21
82B4 76
OM 27

02B6 51
A2B7 21 7t PICPOINTS45 P 410,1710, 00, 0 410. 1660, W W? 410,1710, 50,1170, 40, 166

0, 50, 170
0288 79
Q89 28
8288 40

0288 21
W, 76
m828

I C-40
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~88?7t888 MAPORSE48LEP. PWLYNJIONPE 84/17/09 PRGE 15

LO 'f I LINE .. RCE

"2Ff 4@

."-L@ 79
&Y(1 28
@ C2 4F
O2t3 21
02C4 76
@25 28
02C6 4F
&T27 21 72 PICPOINTS46 DO 410 1710 500, 1360, 410,1660 5-0,1360 410.1710, 5IC, 10, .410,166

OS110,1150

029 28

02CA 5E

On.B 21
X2CC 76

@2(D 28
02CE 5E

-CF 21

A2D1 29
82D2 41
KI2[? 21
8204 7t
02D5 29
02D6 4b
0207 21 7? PICPOINTS47 DB 410,1710, 510,1340, 410,1660, 510, 1340,410.1710, 52O 1130. 410, 166

O, 520, 1130
808 79

02D9 29
MA'2 5c

K2DB 21
@20C 76
@0[0 29

@2DF 21
02EO 7
02E1 28
02E2 48
02P 21
02E4 76
02E5 20
82E6 48
.' E" 21 74 PICPOINTS48 D 410,1710, 520,1320.410.,1660,520,i320,410.1710.,530,1110,410,166

0 530,1110
82ES 79

82EB 21
82EC 76
025D 2A
B2EESA
O2EF 21

*2F1.f C-41
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?;QW_/8@87/8888 MARO ASSEMBLER MARLYN-MONROE 04/17/09 PAGE 16

L 4 .;J LINE SOURCE

U 2F2 49
82F3 21
02F4 76
2f 5 28

02H, 49
82F7 21 75 PICPOINTS-49 D 410, 170, 530, 13& 410, 1660, 530, t80, 410,1710, 540, W70, 410, 166

0, 540,1870
8F8 79
.QF 9 2B

82FA 58
02F8 21
02FC 76
82FD 26
82FE 58
02FF 21
838 79

0-,01 2C
0302 47
0303 21
@3A4 76
0305 2C
8386 47
007 21 76 PICPOINTS5 08 410,1710,54n,1260,410,1660,540,1260,410,170,550.1850,410,i66

0,.550.1850

0108 79
8389 2C
030A 5E

08D 2C
@38E 96

030F 21

8318 79
8311 J&
0312 45

kA.t4 76
315 V

0316 45
@317 21 77 PICPOINTS5I DO 410,170, 550 230,40- 1660,550,1230
8318 79

* 8319 2c.4
411 53 *

O83B 21
Wi-t1 76-
-ICo i.

WlIE 53 ,
_1F It' 78 PICPOINTS52 D8 350,440, 1660,420, 1 i0. 370, 500, 12,. 1200, 5JO1 350,440, 166W.90,

1240
83 20 24

0321 76
8 322 22

32' 4f
@324 IF

C-42
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.W8/8887/O888 tICRO ASSEMBLER M1RLYNJI-0OE 04/17/09 PAGE 7

LUC OBJ LINE SOURCE

0K26 5
0327 50
0-28 29
0329 ID,
032A 24
0328 76
032C 28
032D 54
032E IF 79 PICPOINTS53 DO 370, 50. 840, 1170 , 1270,1160, 510,150, ,W
@32F 28
0330 44
0331 4F
0332 57
8333 4E
05- 34 29

0376 1
88
81
82

0 3? LAST LABEL WORD
:34

SWFPT VERTICAL REP DATA
87
88

89 jSTART VERTIC.L ENYELOPE
0-7 ID 90 VREPI D8 3% 410, 1740,620. 1350, 420. 1720. 620. 350.440.i60.-710m

1170

OB}A :2
872. %I

A- [

., 70

.R144 ' 91 VREP2 De. W.0 r.(. 720.1, 1 , .40, iOOM720.1260-440, S66 , -7 0 .
1130, 420,1720.760,1@-0

C 45 k.F

f.46 7A

014, 44
0148 _,
0349 4F

K_41: 5%

0.2 76

K 4 E 38B

03 45 4

024 443

8:48, A . . . . ..



08'W8/36S8 MACRO ASSEMBLEP MIRLNONROE 04/1/0 PAE 18

LU' C8 1 LINE SOP.CE

J", 7,1 7

@'h4 21 92 VREP3 DB 410,1740,760, 30., 410,1740,620. .350, 21% 410. 1740, 7a0,
1150,660, 1570,720, lt50

.S55 7C

0757 4-
8258 21
31.5-; 72

@-- '1 .32

0358 'FS

82S F DR
8360 4D)

8362 6F
363 11A

@364 41'

93 ;END VERT ENVELOPE
94 ;START WORS "'P, D WN" ON RIGHT SIDE OF SCREEN

0. 60A if . W"4 DB 3%, 440,1660,7?50, 1210, 1705. 53 , 12f0, 510. 2.54'1,440,
1660, 9"%, 1340, 370, 580, 04,0,11t r, 1271. 1160, 510

@ 76f,24
8367 76
8368 -Z 1
0369 51
0CER IF

eo,6 55
036D 5

034E 29
836F ItD
0370 24
0371 76
0372 35
87- SC -"

0274 IF
0 75 28
@376 44
077 4F
0378 57
8379 4F
037A 29i

. "END .

97 ;START VERTICAL REP MIL TICS
878 IC 98 REPS DO 340,410, M1, 620. 1350 40.i166O.-:20' 1350.410.i1710,6v0,

1140,410. 1660
V37C 21
03,7 79
8ONE 32

S8380 21
C-44



8886/8887/8088 MACRO ASSEMBLER MARLYN.iONIOE &4/17/@9 PAE 19

LOC OI LINE SOtE

8381 76
6382 32
0382 I

4384 21
0385 79
0-86 33
@387 4C
038821
389 76

038A 33 99 VREP55 De 630, 1140, 4101,i710, 630,1330,410,1660,63"0,1330
0380 4(

038C 21
038D 79

038E 33
038F 9B
0390 21

0391 76
0392 33
039235B
0394 21 100 VREP6 DB 410, 71C. 640,1120. 410,1660, 640, 120, 4j., l10, .,40.1310,

40., 1660, 640,1310
0399. 79
03.% 34

@397 40
398 21
39976

039A 34
039B 4k
039( 21
039D 79
0350E 34
029F 59
830 21
03HI 76
03A2 34
083K 59
0384 21 101 VREP7 DO 40. 1710 650. -.!0.410 16 0650, 10,410, 1710, 6,. 1270,
838579410,1660, 650,1270
93Froq 79

0306 35
03A7 48
83 8 21
039 76
03AR '15

030B 48
038 21
03AD79
@38E 35

03AF 57
038 21
8381 76

S 8382 35
0383 57
0384 21 102 REP DO 410,1710,660.1060.410,1660,660, 1860,410,1710,660,1250,

4 410,1660,660i250
4

4- C-45

6- AOL.



8O/8887/888 MAC ASSEMBLER MAIf.LOW 04/17/89 PAGE 20

LOC OJ LINE SOFCE

835 79
836 36
0387 46
83B8 21
0389 76
038R 36
838B 46
83BC 21
830 79
038E 36
03BF 55
03C8 21
83CI 76
03C2 36
033 55
03C4 21 13 VREP9 DB 410, 1710,670,1840,410,1660,670,1040, 410,1710,670,1230

410,1660,670., 1230
@?r5 79

3C6 37
03C7 44
83C8 21
83C9 76
@TCA 37
KCB 44
03CC 21
83CD 79
03CE 37
830 53
83D8 21
8 1 76
03D2 37
03D3 53
0304 21 104 VREPIO DB 410 1710 780, 01820,410,660. 700.1820, 410.170,700,i 210,

410,1660, 700,1210
03D5 79
03D6 8
A307 42
83,8 21
8039 76
83D 38
830B 42
83DC 21
8300 79
03DE -8 '

830F 51
03E8 21
83El176 ..

83E2 38
833 51
83E4 21 I85 REPII D8 410. ±70,710.188O,410, 1660, 710,1880,410,710710.1170,

410, 1660, 710, 1170
83-5 71
316 39
O8E7 40
8-ES 21

SC-46 (



8M86887/8088 M ICRSSEMBLEP t1ARLvNLqOM0 04/17/09 PFGE 21

LO OBJ LINE SOME

Oe9 76
OXA 39
e3EB 48
O3EC 21
03ED 79
03EE 39
03EF 4F
03FO 2
03F1 76
03F2 39
03F3 4F
03F4 21 106 YREPi2 O8 4±0, 710, 710, 440, 1660,710,1360,40 17±0, 720,1150,

4±0,1660, 720,150
83F5 79
03F6 39
e3F7 5E
03F8 21
03F9 76
03FR 39
03FB 5E
03FC 21
03D 79
03FE 3A
03FF 40
04W 21
8401 76
O42 3R
0483 40

48 21 ±87 EP13 D8 410,17±0,720,1340,410,1660, 720,1340,40,±7±0, 730,130,
4±0,1660,730, li30

34879
88 3R

487 SC
04W 21

4O9 76
OW 3R
048B5C

04W 21
848079
OW 3B

8410 21
841± 76
042 3B

413 48
04±4 21 108 VEPt4 D8 4±0, i710, 730,1320,410,1660, 730,i320,410,170, 740,110,

4±0, 1660,740, 110
045 79
0416 3P
047 5A
8418 21
0419 76
041A 38
04C2 SR

C-47



- r- . . . . . . . . .. . .. . _-.. _ .. .. . . . ,

,'- . h-, M-; jq !',,., @§ EM6LEP '**LYNJW',.I2 .34 1,7.39 PAGE

k4W 49

, .'6

t42_: 4q'

1404 1 189 VPPI5 D. 410,17i0,740,10-410 ".60. 740.0. 410.171.'7:-50. 1u70
425 7,

427 V
@.428£ 21

v429 76
t 42R -,

48 58
6-.42L{ 21

t4-D 79

042E 3 ,
@2F 4.
@438 21 118 VREPO5 DB 40, 1660, 750, A70. 410 1710, 750 1 ; 10 166. 760. I2f
O_ i ,'Y

84-2 , D
o4,7 47

.t 4. 79k4 --

8437 s6

"-4: 21
,@4,9 76

041 P. 9

11l ENf)
112 STARFT TINE Tir
Il- , VREP16 DB 340,64,1640, 720, 1130 620, 1780 720 ILO., 680, 1740, 720,

1130, 570, t40,0720. 1130
04_ , '.:

@14i 74
@43F 70

A440 4P
8441<
044'

w44446

.44 46
Ad45 7A

;44; 7C
;t.17 ?A

h44 46

k1!
4 4

!L :6

,,44 4F:

* U..;j 114 YREPI7 De 550, 1440. 720 1. l0,530 15(0- 720. 1130. 510-1540. 72. 1130,

470, 1600 720, 1130

C-48

4. 1



' t'LINE C Opc E

,hlc, H

34454> 4
v45~ --.

.345A &

A 4;b 4B-

r1468 70

845i:( 4&
146[ 25 115 YREF1 IQ 45G 1640 720, 1110. 57C, 17%80720, 11M' ,50 1440, '20.t ±270

620.175W. 720. 117r,

04732 7$

0474 4

0i4.1 If

8468 -A

;'41' Y' 117 VREF19 DB 680, 17W0 720,U70,5% . S4&0 720, 1170. 450. 1440. 7C20. 1170,
930, 170 720. 117Th

07 -A
WO'~ 4F

0471 2f
872 1 0

847 A

0474-4F



hltiARf :H:ac:. "SEEMBLEU h~;_ 04/17/09 PAGE 4

-'Fl TNT. UPO.E

t"4 ,t -4

"4v

6.49 41-

118 -END
19 ;,START "TIME-SEC ARROW

14' 1 ±28 VREP21 DO 350. 570, 16Q, 560, 1140, 37 n± 240, '50. 5i.0 1660 50.1140.
3170, W±10 350, 550. 17W0560. 1±40. 370,1±150

048E 2F
042.F 74
0'1A 2E

0492 IF

(04 UF

4?A7 4

vi49" 4f'

A 49( d)

k44I 4(
k'4A8 IF
14A1 4D

pi402 1(- 12± YREP22 08 350. 540. 1720, 560, 114.370, 15, 3590. 5X0,1760,560,1U40

"1IF

o4A$'. 45
134P9 If)
C'4AA 2AR

'WE- I 122' VREPO2 08 370,.1230v 350,520, 1460, 5rwZI 11410.2'70.1050. Th. 510.,14410

04B@ It.
848 2P.
W42 :,Ab

04812A
'3444C

FW- I49F
A4r

14fC'50



M~ S 7 ~i~MHC, R' SSEMBLER rAR4LYNJI0NRE 84/17/63 FOKt. 2.

l'c 0-6 LINE SOURCE

04F.-

"4 H 2E13 VREP2; D8 560., U40,3?70,1830
o4:6 4f

04- IF
@4R(D 4;.
046E ID' 124 VREI-24 06 3%,~ 6i0, 17O56. 1220k 610. 1440, 560. 4-220. £-20. ±660 s'

.tdfj IE
'4( 2 52
040 33s
04C4 64
;i4(5 2E
W46 92

A4, 7 3
04t.-8 76
04C9 E
04CR 58 125 VREPB4 08 1380, 30n.620. 1660. 560. 114 638I ±440,560. L220

0460 76
14f(E 2.E

@4( F 4C

;14[4l 64

12£ sENt'
17 START LEFT EN-VELOPE

t140 lb 1261 VPEP2,9 08 35040. 1740, 560. 1110. 4±0. jT,0. 420,. 80O, 660.l 15-0. 420.

040'- .-1
A4(7, iiE

k14V. 4A

"29 EN1

'44E6 2N

@'4E5 40

k)4E0 4q F

138 TAR "MSST 88W GOLH C(FET)

A * 011 VE 8 3O4016.2.1030 ±011.I?~ 5



Wk1S b8$7O kO6I(& 3SEMSLER IVW.9&I)I*E /417'85 W~fE t

;4&Lf$,]

,4Er 45
'i4EC 4f
-41i*, 45

j4EF 41
@4F- ' 42

,1-F I 4F
s421 56
0s-I 45
44 4 2@_ 132 VPEPO6 DB 40, 1070 122 1170, 0, U160, 1040,400, 50, IWD. 1 0.

1850,1240, 510,350
A4F5 47
k4j ., 5 2'

4F 4F

04Fr4 44
'i4FL 20

;14F[, 46

04FF 4.

eO5&.' 10

L4 ,TAr "EWN & LEVEL'

@ IM~ YK s RPB6 Do 3%0 630.1440. 410. i180. 370 803N). j.20. 1460. 410 1 1.
370, 1220. 350 610, 10, 410, 100, 370, 1170

85t'5 .,4
05* 21

0587 48
'faS iF
0', ;b 47

owC 66
3 -8 621

ASF IF

P51 1 10
A512 3I

a ,5K 68
14 21

4515 4;
1451r. IV
AVj 4F
@518 i' U6 VREP27 De .,60, 1520 410. 1180, 370 1250. 3,0,570, !,- 410.- M,

370 1160. 35, 560 1560, 410, 110. 170, 1940

C-52

-. - I



-tb, ..; ".3P.S MACRO ASSEMBLER NaRLYNJI_*ROE A4/17/09 PAGE

L CA 66 1 LINE SQJRCE

OSIE 2.
051 43
651t IF

4E01, 1 6A
'fL...,J 21

052: 48
0524 iF
05 5: 4E

R5 6K IF/
0527 2E
f52& 7E

@5'?@ 21

@5 A 48
052B IF
52 44

052D I[:. 137 VREP2B 08 350, 540,1620, 410,11800. 1140,3:50, 530. IEAA. 410, 110.,
310'0, F ,35--'. 520, 1660,410, 110, 3.70, 1260

352E 2C

0536 74
R5.W 21
0538 48

I 5:2 IF

eO3Ri 45
@536

0' 0 7

05(F 4

A9..i IF

-54 1 56

,1547, IF

0542 1[0 126 VPEP2S 08 350.510,.1780, 410,118~,'0. 7 150, 25'0, 80, 1720, 410,1800.

370.1140

.,44 ".

i'45 N

'57IF

,,',4~ . j [,

'3548 TA

.5,4: LF

C-53

...



$8'6/8W8'S8$8 MRCRO kSs ELER tKL.NtO Ii 84/17/e9 PAGE 28

LUC (1.5 LINE SW .E

c END
4O STAPT "FEET TICS"

855 1 l- 141 YREP38 D1 340, 410,17±0 420 ±80. 4iO,1660,420,1880,410, 17i0, 430,
1±40,410,1660,430, i140

8551 il

8552 79
M3 22
0554 40
0555 21
0596 76
@557 22
0558 48
8559 21
CSA 79
o5 23
e55C 4
05% 21
055E 76
655F 23
OW 04(
05- 21 142 VREP31 DP 410,1710,440,1270.410.1660,440,1270, 410.1710, 460.1830,

410.1660,460,1830
8562 79

8563 24
A564 57
8565 21
8%56 76
8%7 24
0568 57

4%9 21
09568 f 79
$568 26

056t 41
56 21

056E 76
86F 26
057e 4

571 21 43 VREP32 0e 4t0,1710,470, 170, 410, 1660,470. 1170, 410.17t, 5e. 1329.
410,1660,.50,1320

0572 79
57' 27

0574 4
0547 21
0576 76 1 .
0577 27
05F8 4
0579 21
0.57f8 ?9
Y578 28
0"571," 5
S057 21

OVE 76
057F 28 -

05b0A 5P
8581 21 144 YR'P33 08 40,M1710.520, WO040t1 660,520. 1060,410,1710,330, 1220,

C-54 ( )

' " " . ...'" .. • ". . -2-._.2 ; ; ....



803 O. t-. t1 e iY' S; I'ItWIK)M K hLr'-NORIt I41't'mmt

i 6f LINE SOLRCE

410. 1660, 520, 1220

Cg'g4 4p
--. 2 ,

613B 21

d58_ 2t
@15*E76

859% 5
0541 21 145 VREF34 DO 40. P?10,540. 1290,40 1660 W_0 1350 410,1M1, 560 J1.10.

410.1660& 560v 111

e8594 5D
0595 21
O5t7 26

0598 50
8599 21
0598 79
@598 21
859(c 49

859D 21

059E 76

8S-9,F 6B
05f 2

wj4 4

146
14?
148 .THESE NEXT DATA ARE FOP HORIZONTAL RFPRIESE
149

158
151 ;END

-152 ;START "0 WNDY
WtAI 10 15 VREP3S DO 3%0420.1410. 4&20,12 0 . 2zo 50. 42014:10,460,1030.

370,630
@582 22
05ow 61
8584 22
8585 48
858 IF

@587 13@

^-19 2
85 2

9 43
050 IF

C-55

- nf

-4 F. ET R EFRIIRZN RE



'w.-"/ 7 87.8.8 MACRO AISSEMBLER NAL't LMON#OE M17/e9 PAiGE ? ,

u. 01 LINE SLVJRCE

154 END
155 START "G . EP ,IMING ERROR (MILS)"

.. 
t ;it U156 VEP36 E 350 4,0 1760 6 20.1350, 370, 1870,1250, 1160,160. 150. 1220

400, 1MO11 O, 1150, 10 1160, 1070.4et. 100
,:s58@ 20:.

-,t2 32

5B4 IF
V)55 4.7

@%7 4E
5%*8 4E

(fA9 52
0586 28
058C 41
8S[, 49
t05E 4[,
158F 49

.t 4E
"'1 47

2 20

051 4 52 157 VREP37 DB 12201 , 22, WO 1220, 400. 50 110. ±11 il140. 1230, 510, 3
@55 52
.W6 4F
@1(7 52

8(86

0' fB 4f

158 END -
159. 05,@ 160 LASTJnF-YREP L4BEL WORD

i 161

162 START HORIZONTA. OE ENVELOPE
163

[, 164 HREP DO 350,410,1740.570,1240,430,1540, 50. 1240,440.1440. 50, 1270I. 01 21

-W e2 7f-

r '3 2F
M04 54
M.) 27

-7 2F
e"5i,8 54

0509 24

05W 57

C-56

LA



<08.S87,'8888 ifiRO ASSEMBLEF MRFLYNMONPOE P4/17/09 PRGE 31

LOt LIBi LINE SOURCE

5 6 165 HREPI DB 8660, 15 7 660, 1120,8660 i0701 06' 1360. 440 1440, 8670.1230, 420,1540. 0
750,1260, 410

;' XE r-,

85EO 40

582 6F
05E3 36
05E4 5E
05E5 24
s 5Eo 64

058 53
65E9 2.3.
85E 6
05B 3D

SEL' 21
85EE 7C 166 HREP2 DB 1740, 0750, 1260. 410, 1740, 570 1240 0350, 410, 1740.660., 1250,8660,1570.A6

60

05EF 3D
85F8 56
51 21

052 7C
853 2F
5F4 54

05F5 ID
05F6 21
'SF? ?C
8OW 36
Y35F9 '5

05F' 36
@SFB AF
or*,I 36

167 s END
168 ;STRRT TIME TICS

85Ff 55 169 HREP: 06 1250, 340, 40, 1640 660,1230,620,1780, 660.1230.600,1740.660.12M, 570,14
0. 660. 1230,550,1440, 660,1230.530

05FE IC
85FF 34
068 74

0604 76

8609 36
688 53@WB 7C

4) Iu3
8687 2F

%@ 9 36

@6A 2F

%60
0C- 36

'. C-57



q06 87 808 ACO ASSEMBLER MMRLY#LMONROE 04/189 PAiGE 2

L1.1 06SJ LINE SOURE

OKOf 2D)
8610 64
oiltI1 36
E#612 53
OE-13 28
k'14 68 178 IREP4 1)8 ±580,660,1230,51O.1540.660. 1230,470, 16W., 660, 1230-450. 1r:40I. qC. 12MI.4

30,170660. 1230. 640, 1640.660
O615 36
O61 5 3
0617 2Q
8618 6f
8619 316
@61A 53
8618 ?7
@61C 78
0610 36
061E 53
@61F 25
%20 74
0621 

3
0623237
8624 78
86250 36
8626 53
0627 34
8628 74
8629 %-
062A 57 171 IfEP5 DO 1270,620. 78,660
0628 32
062C 78
8620 36
062E 57 172 HREPE D8 1270.60 ±740 660. ±270.570, ±40.660. ±270.550. 1440.660. 1270, : 5 0.6'i

60.,1270,510
062F 30

0631 '6

06-2 571
8633 2F-

0635 36
8636957-
0637 20D
8638 64
8639 36
063A 57
0638 2B
863C 68

063E5
@63F 29
86;40 VC 173 I4REP7 DO ±540 660 1270 4701680660.1270
$641 3 6
Op64d 57-
0 .,4 3 27

C-58



"W,.'0 MAC IRO ASSEMBLER MAPLYNJMONPOE 04/17/09 PAGE s,

'.tt ,,' LINE SOUCE

k
1
r44 7.i

b,,r4t, '.

174 , Elf SO#EIII4ERE NEAR HERE
175 , ST*T fROW

'44 2, 176 WPEN I (B 450 164A. 660, 1270.430, 700.. 660. 1270,350, 570, 1640, 0, 140. 7-0.1240

.$49 -6
*4H 57
0646 2
1641 36

k4E 57
04F ID
(65 2f

14~ 74

A653 4C
*54 IF

06% it 177 HREP9 DB 330 560. 1660, 560, 1140,370- 1110, 350-50,1780, 60. t140,3 Ki. 11
@657 2E
0658 76
0659 2E

065B IF
&5? 49
0650 11)
@6SFE 2f,
069F 7-8

8661 4[
662 IF

0661 40
6#A 1D 178 HREPIB !B 350, 540,1720, 560, 1140, 370,150. 350, 520, 1760 560, 1140, 70, 1270, 35. 529

,1480 . ,01140
@665 2C
0666 7A

7066 2E
0668 4C
0669 IF
@66A 45
0668 1,

"_ , 7E
@660[Z
066E 2E
OF 4C
0670 IF
0671 53
0672 ItD
0673 2A

0674 EA
0675 2E
0676 4077 IF 179 HREP1 D8 370. 180.350,510,1420,960, 1140.370 W130. 39 .610,1770.%, .12 . 144

SC-59



8,6/M887/898 ACRO ASSEMALER P 0IY ..NGO 04/17/89 PRlE 34

LOC OsT LINE Sam~C

0, 560,1220
8678 45
0679 tD
0"7629
678 62

067C2A
@67D 4C
867E IF
867F 43

88 ID

8681 31
8682 7F
86832

068452
866533868664
68664

%87 2E

688 52
8689 32 188 1REP12 08 620, 16,560 1,300, 0, 620, 1660, 560, 1140, 630, 1440, 560,122
8176

06862E
068D

068E32
6SF 76

0690 2E
0691 4C
0692 33
8693 64
86942E

95 52
@696 10 181 HREPI3 D8 350 440, 1660, 570, 1240, 370, 580,1140,1050,1860, 1240, 510, 350, 440, 1660, 71

0,1310
8697 24
@690 76
@699 2F
*,'A 54
869B IF
069C 28
069 4C
069E 45
069F 46
868854
8681 29

8661 24
8W64 76
06A5 39
861 6 59
667 iF 182 HREP14 08 370, 50, 1220,1110,1870,1100,1240, 5.0

068 28
8 52
OW 49
OW 847
O6W 48

C-60 4

-'='---" - ' " - - ... . .



6&hr 6ut.. t-lc , nnL'Rstrbla ItWkLYN.J9UNKtUt t4/1( u:? rrt

LO I LINE SOURCE

06D 54
@6$ 29

183 END
184 ;TARPT MIL TIC_

.6HF 1( 185 HREP15 0B 340, 410, 1710, 570, 1240 410, 1660, 570,1240, 410, 1710, 68,10-.04101660, 68
O, 183 0

@688 21
0681 '9

6862 2F

8687 54
8685 76
862F

8689 79
06BA 30
6W 43
W 21

860 76
06B 30
8.BF 43
86(8 21 186 HREP16 DB 410,1710, -0, i220, 410, i660, 6E,0 220.410,1710, 610,1810,410, 1660, 610,18

10
@&1 79
62 30

063 52
06C4 21
06C5 7-

6 30

7 52
06C.8 21

0-69 79
06CA 31
*6CB 41
O6CC 21
06CD 76
WCE 31

8ELF 41
060 21 187 fEP17 DB 410,1710, 610120,410,1660, 6i0,128O,410,1710, 610,137040.,1660, 610.1"

70
8061 79
8602 31
80[3 50
W864 21
%1D5 76

0608 21
8079

06[0 7.
DE 31

C-61
- 0t.



8886/8W87/88 MACRO ASSEMBLER MARLYN.OOE 04/17/ 9 PAGE 26

LOC OBJ LINE SOURCE

@6E@ 21 188 HREPI8 0 410, 1710, 620, i60, 410, 1660, 620, i60, 410.1710, 620 13%, 410.1660. 620,13
590

6E 79
06E2 32
086 4E
06E4 21
06E5 76
06E6 32
06E7 4E
86E8 21
069 79

@8EE 32
06EB T
06EC 2i
86ED 76
06EE ?2
BEEF 50

6F@ 21 189 HREP19 (3 410,1710, 6301140,410.1660, 630, i140.410, 1710,630 1330,410,1660,63L,13

30
06F2 33
sF3 4C
044 21
06F5 76
0686 33
06F7 4C
BEFS 21
06F9 79
06FA 3S
06FB %B
0BFC 21
0FID 76

6FE 33
86FF 5B
878 21 19 HEP20 DS 410, 1710, 640, 1120, 410. 1660 640. 11, 410. 1710, 640, 1310, 410, 1 . AO 3

to

0701 79
0782 34
0783 4A
8704 21
0785 76
8706 34
8707 4A
078 21
89 79

4 78A 3,4
078B 59
87C 21
078D 76
ONE 34
07SF 59
8718 21 191 HREP 2i ( 410,170, 650,1180. 410. t0, 650. 100, 410.1710,650 1270, 410.1660, 650, 12 "

70
711 79

C-62 4



.h/R 7,"8t1 r* CP') ASSENELEP MARLYNJMONROE 84/179 PAGE 37

LUC (' i LINE SOURCE

8712 35
8713 48;
(1714 21
0715 -6
,,716 3-5
0.'17i 48
a718 21
8719 79
871A 5
6718 57
871C 21
8710 76
S71E 35
671F 57
8726 21 192 HREP22 DO 4iO,i7iO,660,1860,4i01660,660,_460. 410, t710,660, 2% 410 166n.Et& 12

50
8721 79
8722 26
6723 46
o724 21
8725 it
8726 36
6727 46
0728 21
8729 79
8720 36
0728 55
072C 21
072D 76
872E 36
072F 55
0738 21 19- HREP2Z [8 410,1710,670, i840, 410,16p60.670. i40,410,1710,670M.I0,410, 1660,670, 12

30
6731 79
8732 37
@733 44
6734 21
6735 76
8736 27.
67 744
0738 21
0779 79

$73B 52

,'"i 21

.17;E :.'

'<.F '0

,40 1 194 HREP24 08 4i0,17, 70, 820, 410,1660, 780.182M40, ,170 78n. 1210 410.1660. 700 2
10

741 79
0742 38
0743 42
0744 21
0745 76
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8 ... S . ARSEMLER fLYNOW,0C 04/17/w9 78

LC& 08J LINE S0UKE

'47 42
74) .-A

4,49 7'9

074B 51

0741) N.

074r 51
t4,?9 21 195 1.REP25 DB 410,1710 1800 410,t660,710,00.4ut1 710, ?O ,410,t16,710,11

70
O(5 79
0752 -9
e',M 48

754 21
0755 76

756 39
1751 40IK ]l. 21

0,"59 79

1756 V

ti 75( 21

075V 4F
876 21 1.6 HREP26 DS 410,1710,710 1360,410,i660, 710,1360.410,1710 720. 110 aIO 1660 720 i

50
7A8761 i'

0763 5E
0764 21
0765 ?t

0767 1E

1768 1
' '764 7Q

0.76E 4(l
07 21"

070- :r?

@76F 4(,
8778 21 197 EP27 08 41.0,171i0,720, tL4u,410, 1660, 720, ±340, 410,1710, 730, 1130.410. 1660.730,11

8771 718

4 8)772 30

0774 21
07.75 76

3706 30
&,77

o779 79
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S.808 MACRO RSSEM6LEP M RLYNONPWE 04/17/09 Pf4"E ?9

L" 'lk. LINE SOIJPCE

@778 4E
.7C 21

077, ?6
877F "E
807iF 4
0780 21 198 HREP28 DE. 40. 1710, 730, 132? 410. 1660. 730, t.20,410, 17±0, 740 t110, 4JO, 1660. 740. 11

10
0781 79
078? 3B

8784 21
0195 76

0?87 5
0788 z1
0789 79
078A 31
078F 49
078C 21

078E 3(

78F 49

A79 21 199 HREP29 DB 410, 170, 740, 1380, 40, 1660, 740,13 0, 410,1710, 751 ±870.410, r660, 750,10
70

A-1191 79
0792 1-(

079q 5p
0794 21
0795 76
0746 3C

8791 58
798 21

A1799 79
A 79P 3[)

;','9B 47
9c; 21

A7% 76
79E -<D

074' 47
87H8 21 280 HREP38 DB 410,1710, 750, 1260.410. 1660, 750, 1260
87f1 79
87A2 3D
R7A3 56

87P4 21
8;'85 76
0706 30
4 87 56

201 ;END MIL TICS
282
283 ;START "GUNNER AIMING ERROR (MILS)"

87A% if, 284 HIEP3i 08 350.480,t760,600,1220,370,1870,1250,1160,1 , 6 , -$0.1220.
480, 1810,110, ,501, t0, 160, 170, 480,1850

07Ei9 28
87AR 7E
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888/8887/888 IPCR AISSEMBLER WYN-?L M0 04/17/09 PAGE 48

LOC uBJ LINE SOURCE

87AB 38
07AC 52
87AD IF
OW.AE 47
07SF 55
87B@ 4E
0781 4E
8782 45
0783 52
8784 28
8785 41
0786 49
87B7 4
8788 49
8789 4E
07BA 47
87BB 28
878C 45
078D 52 205 PREP32 I8 ±220,±220,1±70,. 220, 4@0,580 i050,lliO,11401230,5±0350
07BE 52
87F 4F
87C8 52
87CI 20
07C2 28
07C3 4D
07C4 49
87C5 4K
87C6 3
07C7 29
07C8 ID

206 ;END
287
288 jSTWT 'FEET TICS"

07C9 Ic 209 HREP33 DO 340, 410, 1710, 420.1080, 4±0,1660, 420, 1080,410.,710,430,
140,4±0, ±660, 430,1±40

07CR 21
07CB 79
07CC 22
07CD Q
07CE 21
87CF 76
0708 22
8701 40
07D2 21
87D3 79
0704 23
87D5 4C
8706 21
07D7 76
07D6 23
87D9 4C
070 21 28 HREP34 I8 410,1710,440, 1270,410,1660,440,1.270,4±0,1710,460,130,

4101660,460A@630
8708 79
07*D 24
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MK* $ *O ASSEMBLER WMR12ItLKWNRE '' -

LI k f:l LINE SOURCE

07DD ',-
070E 21

'E@ 24
K'El 57
82 21
VE.I 7 0

ifE4 -6 t.
7E5 4;

O3E6 21
7E7 76

87E8 26
037E9 4.
074fA 21 211 HREP35 D 410, 710,470, 1170,40, 1660.470, 1170, 410,.710.590. .1-20.

410. 1660. 500, 1320
0TEB 79
8TEC 27
87ED 4F
8?EE 21
07EF 76
@07@ 27

7F1 IF

07F2 21
07F3 79
07F4 28
e75 5R
87F6 21
07F7 76
87F8 28

7F9 5
07FA 21 212 HREP36 DB 410,1710, 520,1860, 410, 166052. 160,410 1710, 530,1220.

410,1660,530, 1220
67FB 79
07FC. i
07FD 46
07FE 21
87FF 76
088 2A

882 21
%083 79
080428
085 52
888 21

87 76
0O8. 28
8* 52
NOR 21 213 I.1P37 06 410, 1710, 540. 0, 410, 1660, 54. 1350
8 79

OW)0 50
ONE 21

76
ofte 2C

C-67
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89 4 MA'.CR0 IR"RO FiSSEISLER MRRLVNMONIOE 84/17/09 PAGE 42

L( OBJ LINE SOURCE

214 END
215
26 ;START LEFT ENVELOPE
217

@bLI' 12±8 M HRE8 DB 350,410,1740, 540.±350, 410,1740, 420,.8±8J. ZS. 410,1740,
470, 1170,660, 1570, 470,1170

613 21
0814 ?c
8-15 21
0816 5D
817 21

8818 2

I8A 4

0818 1)
81C 21

W1, 7C
081E /7
8F 4F
0820 36
A821 6F
0822 27
6823 4F

219 ,END
228 .START "TARGET LINE*

0824 1D 221 WFEP38 D8 350, 640, 52& 460, 270, 370, 1240, 3,0630,. ±40, 460, 1270,
370,110, 350,620, t60, 460, 1270,370,1220

0825 34
0826 6R
8827 26
0828 57
R29 IF

0828 54

0'2C 37
82D 6C

A82E 26
082F 57
083A IF
083± 41
8832 10 '

@87? 32
_K34 70 "

0835 26
8836 57
e837ff -

0838 52
9839 If, 222 HREP39 0e 350,610,±680. 460 1270, 370.870350 0, , 1620,460,1270.

370, 150 350, 570, 1640, 460,1270,370,1240
@83A 31
0838 70
,. ( 26

$83D)351
0 3E IF
,O83F 47
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-:086/807/868 MACRO ASSEMBLER MARLYNIONROE (44/17/ PAGE 43

LfI( 06 LINE SO.RCE

@R40 10
@841 :
O4;' ,2

084-. 26
@844 57

145 IF
084t 45
847 iI'

0848 .
0849 74
0840 2,
@848 57
084C IF
084D 94
084E 1, 223 HREP4 D6 350, 630. 1540, 470, 1N- 370,1±0., 350, 620, 160, 470 1320.370

,110, 350,610,160 470,1320, 370, f60
O8F33
0850 6C
'A85i 2 i
0852 5R
0853 IF

854 4C
055 it,
@856 32
0857 7

0859 5A
@850 iF

tV5.8B 49
fl?.,0 It
*>.2;D 31|

IF

. 224 IEP4I De M, 630,16X,. 470. 1320 370r1050
%64 30

086-5 72
066 27

W87 50

08*% 45
225 END
226 ;START "(FEET)"
227

08010 228 119]42 08 350. 40 .1760,.460,1t150. 370, 501.860,1050.10 1 k, 240,.510

06820
086C 7E
0860 26
0WE 4D

W IF
0870 28
0871 46
0872 45
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iq3,,80,o."OS rFlRO ASSEMBLER MIRL _NIWOE 04/178,,9 PAGE 44

OWJ LINE SEE

.o673 45

.3q4 4

A6,5 29
229 ;END
230 STRT "(LEFT) ,RIGHT)"

0876 t 231 HREP4: D 35O, 440,1660 420, 1000 370 50 140,1050. 060., 1240. C;1(.

30, 440, 1660, 520, 10, 370, . 1220, 1110
@677 24
0878 76

0879 22
0870 40

O37 28
087D 4C
087E 45
087F 46
OM8054
0881 29
0882 ID
(883 24
88 76
85 20
8P86 46

0887 IF
888 2,S

&*Sc9 52

0886 49
88B 47 2<2 HPEP44 DB 1070,110.0,1240, 50,350

88C 48
088D 54
088E 29
88F ID

233

0890 234 LRST-OFHREP LABEL WORD
235
236

990 £.% 860 237 GRAPHI CALL CLEAR-SCREEN

238

0893 BEOBG R 239 GRAPH MOV SI.OFFSET PICPOINTS

8% B93703 248 MOV CX, (OFFSET LRST-OFFSET PICPOINT9

0899 BR)D8 241 NOV DX, 8H

089C 2E8A04 242 AGAIN MOV AL,CS:[SII

089* E86400 243 CALL COWT

OW 246 244 INC S 1

0803 E8SSA 245 CLL DELA.2

08 E2F4 246 LOOP AGAIN

ow .3 247 RET

248

s E86De 249 GRAPHSREP CALL CLEARSREEN

&ff 6E3M R 250 NOV SI, OFFSET VREPI

iF B9 W2 251 NOV CX, (OFFSET LRST.F-REP-OFF.ET PI)

1W-2 OA% 252 MOV DX, OBH

WM8 ?Fd*,4 253 AGLN.AGN MOV AL, CSt[SI I

"P,,R E8480 254 CALL COUT

t 8E46 255 INC 51
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:.K ''8088 MAICRO ASSEMPLEP' H PLYNAMONOE

* ~ u uFBLINE SOCE

*"E 'too3 '56 CALL DELHY-2
b3&,F 24257LOOP AGNJ-AGN

& UK E2F 257 RET
259

* 8?E840260 GWHPHPEP: CALL CLEAP-SCREEN
W8C2 854'00 P 61NV OFFSET HREP

W8C 9CM2 262 NOV CX, (OFFSET LRST-riFHRfP0(FFST HPEFi

08(8 BkA(w 263 NOV DX..OD8H

O*fE 2ER4 264 AO2N-KLIGN NOV AL. CSJE 5)

o8(' E83200 265 CALL COUT

08,4 46 266 I NC SI

KD5 E85M0 26? CALL DELAY2

M80 E2F4 268 LOOP AGN2JLNAGN

980A C3 269 RET
270
271
2?2

~I' ~I.$273 USAR-SET-UPFOR-M NOV C-X. TII1EP-CNTRL

R[EPW- 274 NOV AL, CNTR-KO0E

AKE EE 275 OUT CpX AL

&E1) BA406 NOV DY. TIMEP-CNTRL2

08E4 W04 2777NV A. O~O

OBE6 E841%0 278 CALL DELAY

M89 EE 279 OUT DXAL

MREF 800 80 NOV ALI H IGHA-DM

%BEC E83M0 281 CALL DELAY

08EF EE 282 OUT DX,AL.

08FO PaDAOO 283 NOV DXUSPT-CNTP.L

08F3 8048 284 NOV AL. UWAT-RESET

W85 E832e@ 285 CALL DELAY

98F8 EE 286 01-V OX, AL

W09 804E 28 mDv AL. fSARLN-OOE

@8F8 E82C08 288 CALL DELAY
0$~F EE 89 OT OXAL

W E~ EE2 29 NOV AL USAT -CCM N'

$'Wl E860 291 CALL DELAY

o 4 EE 292 OUT DX. AL

r- 293 RET
294

S295 COUT PUSH AX

0% F EQtE 26 OVERi IN AL . S5TATUS

lqk 2401 297 AWt AL

09068 74FA 29@ 3z OVEPI

~9(V2% POP AX

~fE~OUT Dy, AL

A2f 01 RET

091 L4'E 0: ININ ALI USPRT-STATUS

0.12 24A2 304 ~) A.

0914 74FH 305 32 CIN

091 t E4V 30(l IN AL 0004

307 PET

09W I*@29 CLEAPSCREEN NOV DX, &)8H *THIS PROCEDURE CLEAS TE

091C 8011 31UO L 5 ;Af3SRE
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t8c 0t &mACRO AISSEMBLEF HARLYNJK'NPOE 8j4/17/89 PAGE 46

IM OGJ LINE SOUCE

iti1E EdE9SFF 311 CALL COUT

01-021 M09 312 NOV A&1 3110

092? FGE8FF 313 CALL GOUT

@9 £811. I1 CALL DELAVJ TJHE CUR?- SCREEN MODE TAKES
34 l R14 iA R S TO COMPLETE .

8929 C1 316 RET
31'7

@92A B98380 3±8 DELAY NOV CYC

892b E2FE 319 TAG LOOP TAG

emc:328 RET
32±

~'8B$58322 OELRY-2 NOV AX, DELAY-VAL

t*ts48 323 KAI N..ADRrAGIN DEC AX

R934 3ND*88 324 CP AXo

8937 75FA 325 III AGAIN-ANO-fAGAIN

0939 G3 326 RET
327

093-A 88583 328 DELAYC3. NOV AX.50

(ID 48 329 OVER-fWOVOER: DEC AX

WTE 308888 338 CP AXw 8

o4'41 75FR 331 ME OVERANVOVEP

itC4 E 8580 332 NOV AX1 58888

8946 48 333 ONL-MORE..TIME: DEC AIX

8947 3000 334 C1P A. 8

894ut ISfA 335 liE ONEJIOPLTII(

694C C3 336 RET
337

-- -- 338 CODE ENDS
339
348 END

FrBSEIILY COWLETE, NO ERRORS FOUN
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I11. 11 Ii-,-4:-3,,PI-41 MACRO ASSEM LER. V2 . PRE i

L'J O:. SEQ SOURCE STATEMENT

I I SEPTEMBER 1981
2
7

4, THIS PRO WRITTEN IN INTEL 8748 ASSEMBLY LANGUAGE IS THE SOURCE
5 FOR SOUNDS PRODUCED DURING A SIMULATED DRAGON FIRING A RESIDES IN EPROM
6 OF THE SOUND SYSTEM MICROCOMPUTER (SSM). THESE SOUNDS ARE:
7
8 i. GYRO WIND IP
9 2. LAUNCH EXPLOSION
i± 3. THRJSTER FIRINGS
1± 4. IMPACT EXPLOSIONS
12 A. TARGET HIT
13 B. TARGET MISSED
14
15
16 THE OFS PROCESSOR SENDS R FOUR BIT WORD WHICH IS DECODED BY THE
17 SSM INTO ONE OF THE OY SOUNDS THE SSM IN TURN PASS DATA BTES TO
18 A GENERAL INSTRUMENTS RY-3-8918 PROGRAMMABLE SOUND GENERATOR (PS6). THE
19 PSG INTERPRETS 14 DATA BYTES STORED IN THE LOWER t4 LOCATIONS OF AN ON

CHIP 16 BYTE REGISTER AMAY AS A SOUND, THEREBY GENERATING AN ANALOG
21 ;SIGH..-

22
23
24
25 INITIALIZATION ROUNTINE
26
27 ORG A4

OW 0409 23 3M? ANIT
29

*03 30 ORG 3
8*f3 411 31 j DECODE

32
0@07 3 ORG 7
667 16C6 4 JTF TIMER

35
36 ORG 09H4

0009 444' 37 ANIT: J CfKAP
"bw 65 38 INIT: STOP TCNT
K43 7 -9 CLR A
.,ub 62 4 mOV TA ;INITIALIZE TIMER AND ENABLE INTERRUPT

41 EN TCNTI
42

O 43 EN I ENABLE INTERRUPT
*e 75 44 ENT@ CLK ;DABLE CLOC, ON TO
001± 23FF 45 MOV A.OFFH
013 39 46 OUTL Pl A INITIALIZE PORTS i & 2
@14 3fA 47 OUTL P2,A

48

*1 60 49 Nov A1 JBH ;INITIALIZE PORTS 4 & 5
0017 3 5 MOYD P4,A
0018 27 51 CLR A
O@r 30 52 fOYD PSA 1

... ----A-W-- _ Z .. ] " -- 1 -:Ii. . I I~ . . . . -. . .. f . . . .. . . . ... . . . ."



I Il r If4& 1 -41 MACPG RSSEN(tER Y2 @? PtE 2

10 SO.IRCE STATEMENT

53
k'1A l'E 54 RESKi AW PL. #AFH ;RESET P56'S
*F 55 ORL Ft *898H

~t iF58 FLIP- AL P2.*#*FH ;SET FLIP/FLOPS-'
@ 4@Ri4'3 59 APL P2, #840

61

i4 . LOOP ROIUTINE i E WAIT FOR INTERRUPT

*24'- 893E 66 NOV Pl, Q3EH4
*&1 8826' NOV P.#02F8

k3 HU 78 NOV eA
*29 71 DEC po

%2H 88 g OV @R.A
tk . Lr DEC Ro

7bA 5 NOV ORt A

#i 976 INC Rt

"'8'3f 78 MOY P.

HA 'A 7 OV P5.8

q3 SEL PBI

08 )5 89 NOV P 9 1A
"' S# 4 NOV P21A

4NO '5P4 R -A
O'A7 K7NO P.

86 MYV P618
"*16 AF 89 MYV R7.8R
003C CS9 SEL P8N

91
A"4L Et zF 92 DPWN NOV PQ4O02FH

$0.2,5 CLR A

4t44 54z8 917 (AL DRAGON

-ie' 8 r 4~9 INFIN NOV RO-N02FH

l~4~r ol r1, tINI

v*%b 14944 103 CALL CHECI
104

*40 8820 185 NOV %, #029H
;Av FO 106 MO'% APO D

Ire NOV P4.8 ;R4 GETS TIME



C[Cj 4(C.-OLPI-41 MRO ASSEMBLER. V2 8 PAGE 3

I'l 5 SEP SOIJPCE STRTEMENT

'jOI 583 88CALL POPF
uO'iCr61A9 12 SHN

8wf 5 OF ill NOV P?.A ;R7 GETS COUINT

@691 112 NOV P1. *821

CW58 F1 NOV A 1
U14 NOV P2.A

ofit'M £484 115 CALL DELAY
A8 A 1k NOVY R2A

605b' 1484 117 CALL DELAY
cilSF 820 118l NOV P8' 408

@ B 921 119 NOV Ri. 821$
120

@&F1 121 UNPIN NOV A.891

Id&4 28 122 XCH A..@98
. 465 EFF2 12-- 0342 R7,ANf IN

;,sp 646 124 JFO INFIN

8915 -zS SEL RB1

CLR A

R.EC 812 OV Res A

"86£' CS52 SEL R88

A 5 138 CLR Fe
8841- 5 AIPL FO

-5 123

1#. 1614 W1IN IN( PO

08;19 I5 IN , P1
"@4 8463 136 imp' MNIN

137

-1s76 B$"2E 13? SINFIN HO0V P0,0*2EH LCPTION OF PBIR3 PREVIOUS

8879 C67E 140 32 SA014

88788AR 141 NOV P2.A
L17 4BP 142 CALL i'RLWI

.I8.'+ 8820 14 SA014 NOV 90.4820$H LOCATION OF RSIP8 PREVIOUS

- s8 P8 144 NOV A,@WO

*891 .667 145 .TZ SAVOB

4W08 W8F 146 NOV P2 *8PFH

0885 14SF 14 CALL 081.8%
883.7 05 148 ,qvOB SEt. P81
kui8 P6 149 NOV 6 AK

o*I- 1 150 SEt. P88

oA Fr2E2 151 NOV P8 *82EN

'Wl 0152 NOV @P0'. A

&'§f 1Lo" 153 SEt. P8±
F '8P' 154 NOV. As P8

II- .' 155 5EL P80
(k156 DEC PG

~ii' @ 157 NOV lap;8.8

m-2 q44 15P. imp INPIN

II

iA i- HC E



I W-4KPI41 1FPOf RSSEMELEP. 2 8P8E 4

10X 063J SEQ SOURCE STRTEMENT

It:-,16 INC P8

~nE*167 IN? HEY),
5-8 168'a CHf* PETR

169
* 1 1 178 DEXO IN W P0R

@02 ~171 moV A, OP
'i'r u~h172 J? £'EXAAi

W85 4491- 17? imp CARAP
*87T 1Wf 174 DEXAA CALL GETTA
@O'i 447? 175 imp tAJDEX

"OHE 14AF 177 HEXO. CALL GETTA
s3O* 4438 178 imp HITEX

1179
*AF 8828 180 GETTA NOV P0, *02880
008± FO 181 NOV AROe
0082 w~ 182 NOV P4,9

8*39?183 PEIP
184
185

18?
18P 'E LRY SLIBO&T I NES
18q
19A

klb4 69,08 191 UELAY NOV P., #8 *CEL8Y P2 X 81 SEC
w0tt. 88FF 192 LOOPi NO' R8 *OFFH
0068 ESS8 193 LOOP2 DI? PB LOAP2
888 E9866 194 DJNZ P1, LOOCIi
08Sf E884 199 DIN?4 P2,DELAY
38PE 196 PEWR

197
8E c 198 DALAY. NOV PW.48( DALAY R 2 X 801f SEC

- M -Et 199 DLV DIN? P8DLY
;VA.- 6FF 288 DIN? P2.DALAY
W85 33 201 PETP.

282

284

206 . TIMEP INTERRUPT SERVICE PWUINE
207
2082N THE TIMER INCREMENTS EVERY BOUSEC (T)
209 R 4 INCREMENTS EVERY 28M SEC
210 R5 INCREMENTS EVERY 5.24 SECf 211
2

W. D0 5 2121 TIMER SEL PBI
88(7 AD 214 NOV P5.8

e~ :215 INC R4
216 D-3

'k8(9 i1 217 INC r,



-. Nl"'AErEtL RGE 5

- ~~ NZ"J E TOEN

-~ 2~' INC

7_ EENHu iNTERRUPT SEP'V1CE ROUTINE DECODE LOW4ER E ITS OIF 4 LIT
W~fRD P-ROM Cf S PROCESSOR FLIP/FLOP'S LAITCH WOK, ONTO PORT I

*, ( it0'E SEL pSI

I N MliPi

- - .. ?P~3O 00 INTl BANG

- 2: bQ P1 *VEH
4;[1D 001 '3N1 DL(O

41 t DEC A
*Lt At. 1 'DEXI 010 GNI' EXPLO

17 DUDEXI oil MISS EYPLO

-41HITEI 100 HIT EXPLO
DEC A

12 PJC 101 F CK POP

AL 50 1MF POPF

* 5 (.;tEI ~*x -- gro TIMEF

" ~ r - 54 HITE1 MOWiV A- @iPe STOP TINER
255J !mF, HITE

9>256 POP0! IMP POPO
257
258 DRAOO MOYV r~'I #2FH . PS0*1
259 INC OPI

261 'MF PUPPET

r~~~ N(,r 1w if N I

-4-' .l INC WI

H IT INC ;%I

4k iMP FJPP P505



I ',- I i '5C-437UFP1-41 Ht. P.'i ASSENBLER V2A PAGE 6

Lill iE. ISOURPCE STATEMENT

iApi F M24NV A'Wc~i

0101? fiA 35 NOV P2-A R2 GETS COUNT
@l1iA &920 27F. NOV P. *82H Ri 6ETS ADDRESS

13CfF io NOV P4 ;ACC GETS TIME
278

*nAD Emii2 279 PUS: DJNZ 92 POSE
AlAF Hi 280 NOV Wt A
oil@ 4i1 281 WM PASS

282
ii1.- 293 MOS. INC P1

jiltj, 24131 284 imp PUSS

v417 V 287 PIJPP NOV A.R5s
@116 (5i 288 SEL P%8
83119 289 REEW

kit 4291 FLEPET iNI PrXEP
di 21: 292 W PIFPp

*'l 59293 POKEP MO% A #8
HI 8j (.7 294 fly PSW. A

£n,4664 296l NOV P2 S100
A14844 297 CALL DELAY
@12* k4*- 298 IM [HI T

99
300

£01
S@U BROUTINE TO CHECK TIME AND GIVE ASSOCIATED DELAY AND APLITJDE

384 DECRY

386 TSTR45S EL P8

'31 38WWI 387 NOV P3*0#
olht LEAF 388 NOV P6, *8F
912DFF8 389 NOV R?.*9
*,12F (6 318 SEL P81 lCUW.LAT lYE DELAY SO FAR

0 FR 311 NOV R;-
~11 £5 W1 EEL P88
sh's2 £637 313 JZ TARC
8134 R 314 NOV P -A
k175 14SF 315 CALL DALAY
01 7 Dj 316 TARC SEL RBI
k3jSA FA 31? NO" A, P8

ki 5318 EEL P8N
013A LAW 319 JZ TESTR4
,)1;c BFF 328 NOV 92,#OWFH
diE 14F 321 CALL EAtAY
010M 24"' az JNp TESTR4

12 s IF P5: THEN FLIGHT TIME:5243EC
324. AT LEAST THENODELAYzI 3SEC
325
7326I IF R5=2 TEN FLIGHT TIME:=10486EC D-5
?27 AT LEAST. THEN DELAY=274EC



ii~£P~A~ ~EtL~i 'KPAGE 7

£ AKERTEMENT

6TA& CLP

APSOR EEPS u[:REMENTRL H'LRY

34 MIV .A D~P OC5Mi~~'E£ELPY
!NC TRPB
XN PAi

rM A J6B BIT17

3' 44 JPt6 16t. B1T6

-.45 IP5 is'. E,T5
* 46 4IN TP B4 BI T4

T4 1P2 J62 BIT2
.-4Q Wl jB: elTi
3w JPO PEi EITO

':~~ CR 8 1. F BT 7 TiRvEL 2

* 4 4 54AlL £'FA~THEREFRE DEL~, hSEC

31THEREFORE i'ELHY 8SC

3l62 CA'J HLky

S64 DPL ~AY
tt ~ ce, AR3

A l'R R AiB,V34 0

h-i. IMP JP5

Mf~T M1'v R2.1 WIC9ll F:P BIT 5 TWXA t,7CE

77- t'H (LL b'ALRY

I3n ip IN

4i



:.S I1(S-46/liP 1-41 MqICP.l RSSEIIBLEP. V2 8 AG 8

36 SE~ £OXWE TRATEfeNT

&li~' H. 34 MOV R1~
'~iE S 85 MOV A. P4

,87
oi:1 Eh 81r'6BT3. MOV P2.045)t TPMVL D.4E~£ELAY z 42SEC

ol1~s 14tF 389 CALL t*&AV
Vs195 F6 98MOV RAP:

o &"04 391 ADD A. #4
.ti~c M. 92 P3, 6

-1 :93 H.~ .R4
QI~~~ '4>94 i4P T

Sb I 1. IT", ffy R.2, #211, .T WVL 8825EC DELAY B2ISEC
lot 1 4 - 34; -97 CALL DALAY

~4A i. __INC P3

@1A2 4* 00Y ROV R~4
4p"3 245-H Q't WM jF11

4Q2
"X1I5 BkAb 4 K Bill 1Ky PK. 41LL( JDAVEL 041i5-c DEL;Y O&USEC
6i,? i 4i- 404 CALL (IMA';
d1A9 'Ll 405 INC P:
;itAM Fr 4W I A.P4
o 14, 245( 4147 wN .Yp

406
Oi~i' o~f' 409 BIW@ IOY P 2 1S(M TRAVEL = 20SEC DELAY = *51-E[
A0HF 1,46F 41q CALL DRLAVY
.)tL61P ~ 411 INC P3

412
4171~
41.4 AMPLITUDIIE DECAY IS DEPENDENT 13N THE TGTAL Tj"E STORED'
41.5 IN REGISTERS PBIRE Or-9 MSEC PER BIT' AND PSIP7.
4163
417

4,16d. D5 418 TARAP: SEL RBi
0183 FF 4t9 WV k, R7
8164 C5 420 SE. P90
d185 c6ce 421 JZ TRAP
V167 07 422 DEC A
A188 C68E 425 J2 TRIP
;IEA H082 424 MOv P6,#2 TRR&I@O 486 SEC
6i~l -442 425 jMP TAR
WlE BE@E 426 TRIP MYOV : P#8
W1 5 44- 0 TRRP SEL R61
k", I FE 428 mos. AR6

o it 429 SEt. R80
OU r.F430 J87 BAT?

v'LC5 12Et 4-1 P86 J86 BAT6
.1 - PBS JS BT

.iL 2/ 43e3 P4 J85 BATS

.ihb 72FF 4A4 P83 T~j BAT3
01(o~ 5205 435 P82 192 BA7th
8ICF 2ri? 436. P81 ]B1 BAT1h D- 7
0ODl 1209 41-7 P60 jB&3 BAT61



tji #i -41 tPCFit HScS'-!6,EP PW08

* *1 44 ,*;f TpFt

44 :'BATO JNF BRT2l
440 ,T ~ 'i

'1.~ 444 PEi±Y M
F~i 4425 BATO! IV 8

446

lj~ -;447 PUPR

446,

oj4"1 DEC rer

4'_ 1IP P~t

Ut'456 IOV 4 57D'

4 CLL P

461

4 Qr -rT 4ov ADO* 61

-'i '4k4 NOV R7,A

-. 41:.5 CALL PSY

IF4~ 461 IMP P84
467

't.4p4$ BAN4 IN A. -#31

*4m . RW A.{ APT

* , ..-r470 MDV r A

a'" 4Q 471 CALL PEN

*r 472 IMP P63~
4'7

ojiF~il 47-4 BT Mov A #16D
o'.~- 0 47 RC' , PR7'

.wf Hr 476. NOV P7.A

02c148 477 CALL PBY

"20:O5 24')" 471z IMP P82 
'

480 Sf72 MOJ 0 #8

:Va F4c"2 McD P7. A

't4(+ 07t C ALL PSY
H .1~I~4I f484IM P8 

.-

485
k~" Ir486 BAl INC P

487 IN PC'
Oe488 INC 0

*' Z ~46? INC PT

4 4 im I D- 8

4'; . T 0 WN P7



! ,-48.L~I-P4i MACRO qSSENOLER, V2. 8 PAGE 18

tjI4o i : SEi LjURCE 3TTEMENT

493 im_ P7

494
495

0211, FF 496 TRAMP 1OV A, P7
497
496 FOR FURTHER AMPLITDE CONTRL P7 IS N TESTED
499

LWiE 58 JB7 BEA
021 I 5.I TAPI 3B6 BEB
MdC 5442 i52 JMP TAR

503
021E CE 504 BEA DEC pRE
62VF 537F 505 ANL A, @7eFH - 128MSEC
0221 83_]6 506 ADD A,154D ; t .4MSEC
0223 4416 587 IMP TAPI

508
A-25 CE 589 BEBi DEC R6
LV2A 2442 518 31F TAR

511
512

5131
514
515 ROJTINE TO INITIATE INTERNAL TIMEP & GIVE
516 INITIAL LAUNCH EXPLOSION.
517
518

.t2R '55 519 DRAGON. STPT T
528

2 521 MOWX AI CP ;START TIMER
522

#>n 99%F 523 ANL Pt,#O6FH
52 924 ORL P1809H URESET PSG"S
925

022E ADF 526 AL P2, RDH ; SELECT NO. I
527
528 LOAD PSG #
529
538

0230 B828 531 mOV Re, MM
0232 IFO'O 532 NOV R7,#0380 BNG ON C#KA L_ 0. & C OF PS8*

532
... .4 5438 534 CALL LOORAM

535
s2 6 ,488 5-3 CALL LORWi

537
538 ORL P2. #3H . TRPI-STATE
539

fr1t1 4948 PETR
541

"L , 42 LOORAM. MOV A,135Q
KiD' 't- 543 10 8, A me A
023E 18 544 INC Re
&LF .IO -.45 NON A, #Mi

V Oa i no 546 V MPl ARI
ftkwh 547 INC Re D-9

-i ,.._ .. .. - *. - - - .- -,.- -+ : ..... . . ...



*. *-4 ~ifilASSEB:LP, V20PAGE it

' i: -,. SURCE 5TTEfiENT

SF 548 MOV 0, 12.5,

5w:, , 949 NV @;P . A R2
. 550 INC P

, .00 551 wOV 0. #1N
;1"4., tic 552 MOV *0, A 2
0."4h h 553 INC PC
.i 9 b ". {, 554 NOV A #17c,

'1" 555 NOV ,.' A P4

Ai, 557 MCY A. #15
, I 559 mOV PO. A P5
hi ,5. INC P .

561 Wisil W*1.

,,"- / F INC P,
,OV RF7

,,t, 6 4 MCIV' @'0. 0 ,PT

. 56 INC FO

,ri, - ± 5e, t:W6, it'. *2,

' .i 568 iN_ Po

F B-5 IN. PO
4' 571 mOV .40. A RiB

b. 7 V $72 1w Po.

t,2 F 57- cl& P. a, pFp
,K 4 , 574 tinOV @8p. A .Fi
"-,i :- '5 INC P8
,r.r wF 51E NOV A. #@770

.. O ,V W. A R12
hi,4 1<: 578 INC PrhAt. , 579 'iPF An

ctE~ 0-8 5.., NOV: I,'O, A ,P13
590 2 6 ; : -5 8 IP E T R

5 -

xc

186 THIS ROUTINE WITS FOP A SVS'EM RESET TO START A NEW FLIGHT.
5871' t[ tc 588 L14 'F MO"W Al,#3,

589 MOV PSW, A
0 _ i, 590 DIS I
,,-'. C675 591 Br'VE NI COKOP
,_,:,; 4C,1 7 B.." .fI ROW,

:c; i rP; 592 IC*CF MP I114115€,R4

5975 -M II

597

5% THIS ROUTINE PPOOUC.ES A (OUBLE EXPLOSION WHEN MISSILE
* HAS MISSED THE TArET (

60R, ". r 6,01- DU{,EA A P2, ROFH ..SELECT P56 62 DI



1 IllH - 4.-. 4j1-41 MWOASSEMIBLER. V 8 PAGE ±2

LOC "0i SE& SO CE STRTEMENT

"39 4t 603 CAiLL TSTR45 ;CALL DELAY *N *LITUOE
6804

2$B BV42 i,85 MoV P5.112 LOOP COUTER FOP AMP DECAY
6

K 7f' 68? CLR F1.
6@P

6;- 457F 689 CAVET PM. P F
@20806±8 OIt. P1*888 RESET £56 62

611
V s2 SS 6t2 Nov ~A*O38M

t8'.4 SF3 613 NOV R7,631±" ,MISS ON CW4fE. 8 C ONLY -PS62)
614

;Q 86 5438_( 615 CALL LODRAN
126R 7492 L6E CALL HITAIF

.14 043:L7. CALL LOA(#2'

i &d 88F: '19 NOV P2, NOFFH
@8E* 14F 62@ CALL DALAY

621
8 9') p66 622 JFi IIERT

'~9 5623 CPL F1
8293 CD) 624 DEC P5
'3 94 44'(E 6;25 T~p C*WET

0296 838 627 JIERT (JRL P2,103894 TRI-STATE
6i8

2Aj1:4 44p61i 629 imp CA
638
63±

63i4 . THIS ROUTINE PPOCAJCES A TRIPLE EXPLOSION WHEN MISSILE
639 5 HITS THE TARGET.

&.0," 677 ~ HITEX NOIV P,1#3 -LOOP COUNTER

't< ?'.CALL TSTP45 ;CALL DELAY AND AMIPLITUDE
64

k.E -tff 64± KAKOT ANt. P2..SOEPH ; SEL.ECT PSG #2
642

8288h 9947F 643 Aft Pt, #O7FH
68 82 83844 OPL Pt,@ 1088RESET PSG *2

645
'QA 838646 mow P8.48394

02A6 Efl. 647 NOV P.7.631±0 ,HIT ON CHANNEL 8 A C ONLY(P6 '
648

AA 4J, 649 CALL LODREVI
82RA P-49 4 658 CALL HITAIIP
k8s 651 CALL t.080P2

i52
~ i *H65! ORI P2.10394

654
&0Oi- 655 NOv R2,#OFH

* &i2 144 656 CALL DRI? WV
657

L~f ~ fl l l m



*l itE cR SOURCE STATEMENT

-' -4i DWil P5 KAKC'T

644
665 THIS ROUTINE PRO[UCES ASOUJND SIMULATING THE IGNITION OF A

16SIDE ROCKET THRUSTER PAIR.

4668 OPOPf CALL TSTF45

ii. u.. 71 OkL RII #08 RESET PSG #2

:'L 4HEr 673 Ait P2, IOEH -SELECT PSG #2
674SU' pl #As I 0

M&', IWO 68 pN P8

Ab 674 NOV A#25@

- - -6-- Mb A #150

- hi. 684' N1 A*35

IJ & 29NV @R.A P43

A hz A9 RO e -#5

itL+£92 MOW 8P8 P5

tJ9 1369 INC P0
- 5 694 NOVW A15O

#i vlr :92 NOV" *0WOA ;R5

01. 10 6K INr P.0
&E4 YFM9 OV A.#37@9

ti 8699 INC PB
4 2E 2318A 788Q NOV AIiB6 "0

;Q2E4 rl) 6A1 NOV @ROR -R WB OL PG2

*'5 3702 INC Re
M KE @ 8 OV eo A J49

tiE7IC784 IN' Pe
"2E r.i785 M(' *9 A ; RIB

~2Mkn '87 NOV A61Ui
"4~w V07i~ N We.A ,PiI

-"Li' ±6, INC Re
o'a r si E1 N v.OV A #[.

'i2F@i t(O 711 NOV roe A8 ;Pi2 D-12
t ~ ~ ~ ~ 1 Re1L . N 8(



I ii ' -48/UiL-4l MRC P0 ASSE5P-MLEP, V2 8 PAGE 14

K S %RCE STATEMENT

<F; M ~ .14 NOV @F.
7t5

'1&4 ."440' 716 CALL F'kAW
F,.71? CALL LOAO2

714
M SsIi I O P2.0384

'i LIP40O P8.02FH
7-*l M, OW AIPRO
'2' DEC A

@c E Aba 724 NOV ORBAR
725

)24F 93 '76 PETP

173@
7-1 SUBROUTINE TO LOAD P5G~i FROMI NEMORY LOCATIONS
152 286M TO am CORRESPONDING TO REGISTERS 0 TO 23 OF P51311.

" t 'ir7S4 LCFAEPI IF41 P2,#@87FH
735
.36 SEL R80

K 64s21A 7S7 NOV P1.9 0214
685 P6,8 738 N P2, #e

c0mEP*f 779 NOV P20141,
748

w'O~ 7w741 MAO CALL LADPi
'tOEBIg 742 DJNZ P3.THERE

a--, K 6iA80 7432 ORI P2. *804
0s44 89d' 744 MO':; RP. #02[11H
;K3311 2"1 745 CLF
A-12 Al 746 110"! @Rit A
'31; 194 14?7 iW pt
A-14 Al 748 ANOV 'Wi..

749

7501ET

316;1 752 THERE INC Pi
@3-17 IA 752 INC P2
a- 3k 64A8 754 imp JACKO

755
@1A 49?20 756 L6IDP CR1L P1,0214
&I: FM 7 57 NOV AR2

i"1(1 90 758 NOYX ON, A
011E 99fF 759 Alt Pt1480F

is 761 MOWX @RBA
V762 RETR

5< SWBOUTINE TO LOAD P50*2 FRM NENOY LOCATIONS 3



.rtI ?>4 ~I41 ACO ASSEMBLER! V2 0PAGE 15

4 CIE 3 EQ 50LCE STATEMENT

(~~8 . 26 TO 3c COFRESPONDiNG TI:' REGISTERS 0 TO !4 *PP4
7E9
770 LOCP 2ANL Flt *O7H

U 7i2 SEL RB@
773 NOV R, #038<@H

<28 BF*1n3 774 NOV P2*#0
o<20 BSOE 775 NOV R3, *14D

777'4 LAPOR. CALL LADP2
<Z L> 7PDJNZ r(3,HERE
d: 4 2<'tc GL P1.48

7 ,A
PETP

t111 83 HEPE INC Pt
_,34lm e4INC R2

@1: 611 75 IMP LAfOP,
786

-40,A 787 LA[$2 GARL Pt. #84AH
788 nO A

C-A:4 789 MO @R wso
E. t. 't479 ANL Pt,#BFH

<T 1 91 MOV AJ@RI
E5 792 MOW R A

794
795

7% DEGHE REGISTEFR E TO DETERINE PROPER AMPLIRFE FiWP A
7,4 THPUSTER POCKET SOUND 1 OF 13 POSSIBLE Ali'LITIkIES WECYING

300 LOGARITHMICALLY

*(j E :&_ HO I ,
'41, 5* '884 FN& RA *O
-'44 A$c 805 j F.C POPA

@246 5252 46 JB82 ROPB
646 itE 887 180 wOP
-41 UBE: 888 Mn A, #eM8 R6-2. LEV-,=-
* 41 :48E 909 I tP '0pw

-t4 1 1c.1 10 POm: WO? R. %1B-H =4
Ali !45E mr pCMpO

81
0:;5 2 5E 813 ROPE 11t rJOPC'
o"'4 L*fi P14 180 POPE

't6214815 NOY R. *004H P6:4, LEVEL:5
O%'4Ef; IMP LI*FU

A0'0 23K, 317 POPE NOV Ai, *002 . 4
)i r4$' 818 Jmp 0109

'ki% Iit'4 819 PuPD 188 POP?
M:0 K:AI '28 MO 0,50018 :6, :

0,62 64PE 821 imp CAoPl D- 14

8-2------- ."H--



S-- '61-41 MACRO ASSEHLER, Y ' IPAGE 16

SSEC. 9AJRCE STATEMENT

.... 4 82 .IM C'AMPO
324

, - JBI PORh
,, :. . 4$ 7 1Be R O NI

.;PE _94 '328 O A#094H R P6:8, LEVEL=9

. { .4$[ 829 imp CAMPO
, .32 8318 POPI NW ,0892H =9. =i

K> 7 .'. 831 IMP CANPO
83fr 2C 832 ROPH. .8 POP.i

@2, o29k .933 NOV A., #891h :18, 11

.@27A 6486 834 iMP CANPO
05 ROP' MOV A.888H , -'., =12

,E { 836 IMP CAM_

8, RO8G B RAK

1288 9 JB@ POPL

,,4 $4 '41 NOV R,#84H R6=12, LEVEL=L
I 4 J P CfIfO

- 842 PL. 1OV A, #A :3, :14

1 :4 OK: MOV A. 81H =14,15, =15

.45

,,CE _CA ME CPO MOVE) P5, A
-; 4. 847 SNAP A

848 MO P4,R
KM ?: 849 CHIK RETR

354 THIS ROUTINE DECDES REGISTER R6 TO DETERMINE IF THE MISSILE

655 . IS IN THE LOW RANGE (LESS THAN 332. METERS), MID RNGE C33 TO

856 . 666 METERS), O HIGH RANGE (GREATER THAN 666 METERS).
857

858 - THE AMPLITUDES 06" - SUCCESSIVE EXPLOSIONS ARE SET FOR A TRPtET

859 - HIT. A MISSED TAP ET PROUCES ONLY THE FIRST TWO EXPLOSIONS.

860

03Ks .,5 861 HITAMP EEL RNB3

$19. FE 862 MOV ASR6
' I394 72fE 862 1B3 HADJ

52 92A1 864 J32 HITU
865

, 66 MARY NOV A. R
k... I 365 DEL.

.- 'j 168 -0 .h ,HN- R6=2.3,4.5 !PD EXPLO HIi GHR

-i o, 869 ([EC A
4 j 870 r j(h4N2 2ND EXPLO

., F ;4( 1 871 3M? JONI IST EXPLO

a372
4..11 Y '' 873 HITLI 1I HOAX

11:A11 *4', 374 IJMP MAP'
-'C

876 M., MO ,.F5 D-1 5

-- IE- 4



i Ni -,48.UF -41 fWRO ASSEMPLER. Y2. A PAGE 17

Oi t. f 9)IJPCE STPTEMENT

' ~~J kH4R6=6 10 3FID EXPLO MID RWE~
~' 4' . 69 bEC r

*'~tiW iz 88 Z .OHN2 2 EXPLO3
'h. ~881 imp JOHNI 151 EXPLA

82
"~ ~~8. : A41- J62 HOPE

*N~;'~' >4 84 581 HANE
U:8 2 64R;5 X85 JNP HOAx

":4168 ~ 6HADE B8 HOPE
8;6t; 64R', -m HM ORY

8~:~ 89 HOPE MC'-' H R,5

WBR c6c[D 8191 JZ JOHN4 P6=11!., 15 3RD EXPLO LONWE
.86B 87 -,92 DEC A

W , o_ _ 2193 TZ Trim-, 2 EXPLO
8~F ~8514 imp JOHN? 1ST EXPLC'

8I ;SO E196 jOHNI MHOV F.#FH SWUN LEVEL I (LOWE)T:)
897 MOVD P4,8

91 898 RETR
-,I 899 JOHN_ MOY A,#8EH SOUD LE'a. 2

87 C 9%0 1MY P4.A
3?C; 92 9"1 RETR
ot C' 'AD 3[2 JOHN_ MOY A, #ODH SOUN LEVEL

E,9@s MOVO P4,R
9V4 RETP

@c 905 TOHN4 MOY Fi 4OH SOUND LEVEL 4 LIDEcT)
906 MOVD P4,A

918
913

914
915 END

"f i? 6872, kNIT 0009 BAT@ 0215 BATOI 8±09 BATI 02AF BAT11 8217 BAT2 020? BATH± Oil'S
6 AB_. IF BA14 OIF7 BATS OIEF B016 OIE6 BRT? BtOF BEA 021E BEB 022') BITO OWit
jl h 8I P172 e99C BIT3 991 8114 0±86 BITS 0177F 8116 0161 BIT7 0160 BPAVE e271

Ct# RF 6D CAKET 027E CWO 038E C HAK# 0"A CHECK 0094 CHIK 0391i COKOP @275 DFLAY eF
(lfODE 0001 DELAY 8%94 MEA W87 DEX0 OftI DLY W0C (A OW30F DRAGON &028 DRAWG 003C
1(. '[F W8F DIJOEX 0277 DUIDE~i 88B DaEXO 8±80 FLIP 08E rET Tq OWA WE 8384 HADU OZ('E

j e: -, HXO 00A0 HIT~ P 0392 HITE U623 HITEi. OBEE H I EX 629A HITLI 83A1I "OAV o9_,
Hi 4 03E.8 INFIN OW4 INIT Oft6 JACKO 0309 JERT 02ck ?COh1 O3Ci JOHN" O3C5 joHN3 03.0
'144*4 68:Ctu R 0 JP5 i OlSA JP2 0±58 3P3 015 SF4 0154 JP5 0152 NF 0±58

ti -t IZE LADPI OURA LADP? 0317 LAPOR 022C LWAPI kCO LOAI2 0323, LO"PV 8230 LOOPI 0886
u~- AF:8 WARY 0:98 OBLO WOE PASS 01±5 PB0 810± PR± OiCF PK- KUt P WeOC

P6 fil9 PB5 01C7 P86 O1C5 PB'? @IN) "OER AiIE POSS 01±2 P.P f1±7 POPPET OIIA
AW0( RESPG OWA POPA 8368 POPAMP 0340 ROPB 0352 POPC 034E WOE VSE POPE 825.

.41 1364 MOP 0:88 RgiH 7?6 FOPI 0372 ROPJ 037C POPI 038C ROPL r38 PO U85
W I'F POPOP 0268 OAC ' E SAVOB M. 7 SINFIN 0076 W'AP 02IR TAP 0142 TAWA R184-



Zi tVW-48J.IPI-41 MK PO REB3EMBLEP 0 PAGE 18

T RPE. @±L-4 i IARC 0137 TESTR4 014fI THERE 8316E TIMER 8OCE 0~ 2V7 TFPP 8108e TRiP 68E

TP45 $128cl UNFIN 0@63

H-§Ei dLY COMPLETE. WO ERRORS



-y.4, TI ;4

I I M-WKIj-4 H AS:O RSWE~ ,:rnER PAGE I

II I SE~i SOURCE STATEMENT

2
16 SEPTEMBEF' 1981

4

THH Hi A PPN TO Ttu-PN THE TI#FET ON h TAN NO[EL
*DEEGREES, HOLE) IT THERE FOR I SECONDS, PN, FETUR.N IT

10i INITIRLIZATION
Ii

L$1112 OlR, 8
44$t ~.&'7JNPl INIT
T.14 ORG 3

M4915 imp TURN
16 ORG 9
1- T NIT NOV AR#OFFH
P,* C'UiTL Pt. R
IQ ANt. P1 OsF7H *RESET PSG

Of0I ?-0 2 ORL P1iP
00E1 NT@ CLK
sOILEN I

001289~ 2-- TPIG IN AIP1
001 92q 12 24 J84 TRIG TEST P14 FOR TRIGGER PULSE
*15 L4EE 25 CALL GYRO

*1 0412 26 imp TI
27
28
29 RUN TURRET FORWHPRD
30

4 4;Ft- -'1 TURN W~t PI, tORCH 111±11f POPT 1
"61 K ; [AU2 NOV R2.*28&
;1@10 141.4 ? 1 CALL DELAY
sW 56iF 34 WHITE1 JTI WHITE
;*21 ?986- 35 ORL Pt 606

'6
,,;I-1 144t ,7 CALL SOUNhD

.0' 441 'RLL IELAY

4A IN T1 tPET REVERSE

f4 '7 ** 11114811 POPT 1

* en-i



U I( EF 5f'ftE STATENNT

~&48@$5DELA'i. NOV Ri, *8 C'EI;V R 2 AlO SEE

8FF 54 LOOF1 I MV P *OFFH
55 LOOIP2- ('3HZ R", LOOP2

ij.i E65,; DWZ Pt. LOOPI
&(E457 (), NZ F.2!.ELAY

OOFS .'OLA O P0 O66 DELAY P2 X 88± Sc

Xi 4 1 E841 'Al DRY £'JNZ kl 1;

'W'14. EA?1F 62 [) HZ R2, £'ALA
~&'A-,8 RET

64

r, THIS 13-: THE SCUNE) NAPIN ROUTINE
457

4 9 68. SO-NE, AWL Pil *;,F-f ALL P%' REGISTERS GET 8

-48 898 fUkii Pi. *

*4C 1474 72 CALL i'LAV

874 NOV R8 *83 CH
141~ ~ 'fI2*m ov A. WO

*5260 iQ MOV @9PO Pit

ow-18 77 IN' P8

*54 1 t. 7? OV A.*06

*5rm 23V 31 RoV .$@7n

7 7

osi8 I98 14H *ICJL OPRL rlt*A

lo 7 L 2 CLP A4

*91%60 2 Mp: O A.WRITE TO PEGI1STEP K

414r~ 90L pl. 1.
*69 231 ~ N A. #1

f*W. 9E i7 AL Pl. ROEH

*7 A41OPL Pis*1
*5~M R 8 O . *I:,

07 98 18? n Aw OR.A

08699FF j134 AW ! F-.6FEH4

087



.- ~-i Mc-4 I 1-41 N MF: ASSEMLPK( PAGE 3

LI" 'tJ E-lfl;KE EWEMDEN'

IF0r .c- -'I NO ' *

,9 *E 108 ,jl'L F1 K

43213112 IN Re~

A84 90 14*

V~ 90 11P MOYN 'ti;

SA 9FE lb M. Pl. *@FEH

CAL 'ALA' 7 SE': PEP STEP

E9 F97 1 4Z 7LNT

*9 04C 'imp EXltc
*97as~ ILb OV po, #o1o@k

009 1'' 1'~ INC 'W@
mk 15 TmP w"1ETL

1-1 E' PLO (*1. F1.'1

;* E - CLP

OA 'FE 1"-V" *1. Pt AO E

444" £5E IJ Pik Pl#*E

04 940 13 MANv C*F'. A WPITE TO) REGISTER K8

d05o *9@1 140 16

A*7 230± 141 NOV k #1

*099FE IC4 i&k Pt .*OFEi

@W2301- 144 NOV A 15f'

-*FE 9@ 145 ww Pi.

146

*AF 8901 147 OIRL P1.61
v)AC I23k6 148 NOV ABE

~9( "4149 MW *8A

0064 9*.IE 15@ ANL Pi,#6*EN
Kt2,IF 151 Mov A. U70

152 l"':: OF , AP6

4 157
* W~"1 54 "IPL Fl 41

%B6 2:07 I9 MO A 67

*K 0 . MOWX we,

4+AE llc4FE 17 lc Pt. #tiFE

vlo r N OV A 606EVf

2" mo01 @RK 1~ 1

@ A tl -l! lO P D - 2 0



71-I INCS-4E.O i i-41 mACPC, ASSEtULER, V2. 8 PAGE 4

1C'( MO6 SPUtRE REM

00l 9F 16 4 AHt. Pl. tOFEH
;,41~mo R., 0_15NO 1 20(o

1W6 MOJW IWO A RIO

80':(3981 6- O Pi. #1
0@( F 2380B 169 NOV A, *2')

KU1 IN 178 wiv Iw A

W,2 99FE 171 ANL PL, #@FEH
OON W4 172 NV A, #OFFH

RO806 9817? NOW @P.-A R13

174
80 :%1175 OK Pii #1
0(2>17,; NOV A, #14(4

'3808 90 177 NO/ 'W&. A

BOO 99'FF 178 AM.. PI, tFER
88*E 23 3F 179 NOV A #8I770r

@o89 ±8 10 NOA 98 14

i81

@:23' W, NOiV As #190!

88FF 9*1E !105 AW F1 #*ENH

@@E8 27 136! rCLP A

@6E 189 I7 mNOW i*8, AH
1%-

OE8]189 PET
19@

WEB B8fO I19%2 GYRO WY-l P2L *180

08Ff 1434 19 (A-, F LL (,ELPY

88FF 8901 195FL Fl #1

OWI12302 6wY" At

MtIF4 '4 9FE 138 AWL 01 ROFEH

8*6 c2FF 199; MON? A, #O4FF

O8FA 9@ Z'NVY'oO P2
281

u "'' 1 282 Ok F14#1
WS2 2303 28 OV A

WD F'A 2104 NOWx OF80

8FF 99f E 28e AWL Pi. tOFEH

8188 2382- 286 NCly A' K3

8182 90 287 NW *8.0 R8: 4qFPQ P3

28
810? 8981 209 OPL P1. #1

8185 2704 218 lloy A. #4

8107 911 211 MW 'W
0188 99FE 212 AKL PI.MOFEN

81AR 2-,FF 213 Njv P.#AFFN

818': 9-8 14 lwj @Re. A P4

215.

0181' 8981 21 Pt ptt D-21

s 01*F 2385 217 #5~ AR
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LC. 06J SF ql- SOURCE STAEMENT

81±1 W0 218 MOill @R@8 AI
011- 99-fE 219 ANL Pt,#*8FEH
K114 230F 220 NOV Ae #OFH
8116, wi 221 MOYX woP, A ,C = IFREC4 R5

222
8117 81901 22-- CIR Pitti
8±19 238W 224 MO'? R A, 
8116 90 225 MOWX WeR,
0LIC 99fE 226 ANL Pt, lOVER
61tE 23WF 227 MOY A.. #8FH
8128 90 228 NOlix. @R8, Apill

8±21 89#4± 270 OR. P11
0123 2387 231 MNi AN?
8125 9A 232 wv>: 88. A
8±26 99FFE 23? ANL P-t. tOFEN
8128 23C9 234 MOcl A. #3110r
012A 9@ 235 MOVX PeA P7

23 E

8128 8%0± 237 OPL P11 I1
WD2 2309 238 MO A1 61±0i

8±26 90 239 MOYX W&. A
8138 99FE 24e ANL Pt, NOFEH
8032 4238(F 241 MOY A. WOF
8134 9" 242 MOWX @P8.&P

243
8±315 8*01 244 OR. Pi 41

81 920 24,: MOY, A0

01-A 99FF 4 - ANk P1. U4iEr
01I?( 28AF 248 Ma.' A *
01E ' 249 W ~ @0AF1

OIIF BA32 51 mo 1 R. S
8141 i414 25A- CALL £ELR

0143 431P 754 Akl p1.4*547
8145 8988 255 O F.# I

2Y,
8147 K3 257 PET

258

260
261
262

26-, END'

USER SYMBOLS
CONT 8897 DALAY 883F f'A0 8041 (ELAy N34 EXPLO 009r GYRO OES INiT 8809 LCOfi 8836
LOOIP2 88V38 SOUN 8846 TRIG @8±2 TURN M89 MIISTL 8Off iSITEI 801F NNITE2 88F

ASSEMBLY COMPLETE, NO EPPOPS
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